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in a very high degree. — All the Comforts, Conve - 
niencies, and Lururiet if Lift, are procured by 
- the Afiſtance of Firs and of HAT. — The Nate 
of Full very great.—Importance of the Economy of 


Ful i dadivitualsy Ando rde Public. — Means 


uſed for eſtimating the Amount of the Waſte of Fuel. 
An Account of the firſt Kitchen of the Houſe 7 


Induſtry at Munich, and of the Expence of Fuel in 
that Kitchen compared with the Quantity conſumed 
in the Kitchens of private Families, - An Account 
of ſeveral ather Kitchens conſtructed on various 
Principles at Munich, under the Direction of the 


©. Author. —[ntroduttion to a more ſcientific Inveſti= . 
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CHAP. u. 


07 the GExEAATION o HEAT in the COMBUSTION 


or Fugi.-Without knowing . what Heat really 
it, the Las of its Action may be inveſtigated. —- 
«1 Probability that the Heat generated in the Combuſ- 
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being able to regulate thi Quantiy of Air , 


which enters a cloſed Fire-place.—Utility of Damp- 
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ers in the Chimie of died Fre placer. 8 
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places ; with a full Eeplandlia of the Principles 
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Ee lar, Blow-pipe in nevijhig the Anny 
ne explained, and illuftrated: by Experiments. 
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CHAP. V. 


An * e made. with Balers prey | 
' Fireplaces f various Forms and Dimenſions ; to- 
* gether <oith\ Remarks and Qbfervation us: ther 5 
- Reftlts, and on the Improvements that may le de- 
rid from them. — An Acrount of ſome" 3 | 


 - ents made on @ very large Scale in a Br 


Aoiler. An Account of a Brew-houſe Baller — 
Aructed and fitted up on an improved Plan. 
» Refidts if ſeveral Experiments which, were made 
with this. new Boiler. Of the Advantage in re-. 
Tard to the Economy 'of Fuel in boiling. Liquids, . 
' xbhich ariſes. from performing that Proceſ+/0n. a 
large Scale. — Theſe Advantages. are limited» — 
An Accoutit of an Alteration which «vas made in 
- the neu Brew-houſe' Boiler, with a view. do the” | 
SAVING or Tims in caufing- its Contents to byil. 
—— fhowirig the Effefts produced by 
theſe Alterationt.— An Eſtimate of the RELATIVE 
\ QuanTITIES'0F HEAT producible from Coax 
| cab and Qare—A  Me- 
\ thod of eftimating the Quantity of Pit. mel aghich 
cold be neaſſary to perform any of the Proceſſes 
mention in this e in —_ mon: ee. | 
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- & . Eſtimate of the TOTAL Quant. 
© T1xs of Heat producible in the Combuſtion of di. 
erent Kinds of Fuel ; and of the real Quantities of 
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cbent of the Hoſpitals of LA PETA and La Mi- 
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-eMitiTary KITCHEN jor the Uſe of Txoors in 
Caur.— a Po TABLE BolLER for the Uſe f 
Tuoops on @ MARCH.— O a large BolLRR fitted. 
- up ac a Model for BLEACHERs at the LIN EN- 
iſ = Hatr in DunBiin,—Of a Fire- place for coOK- 
8 mos, and at the ſame Time WARMING: A LARGE 
Harl; and of a PERPETUAL. Oven, both fitted 
1 in the Housz of InDusTRY at DUBLIN.—Of 
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ESSAY VI. 


CHAP, *. 


The Subjef of this Ef a curious and „ in 
a very high degree.—All the Comforts, Conve- 
niencies, and Luxuries of Life, are procured by 

the Aſſiſtance of Figs and of HzaT.—The Waſte 

_ of Fuel very great.—Importance of the Economy f 
Fuel to Individuals, and to the Public. — Means 
ufed for eftimating the Amount of the Waſte of Fuel. 

AA Account of the firſt Kitchen of the Houſe of 

. Induftry at Munich, and of the Expence of Fuel in 
that Kitchen, compared with the Quantity conſumed 

in the Kitchens of private Familien. An Account 

of ſeveral other Kitchens conſtrufted on various 

Principles at Munich, under the Direction of the 

| Author. —Intreduftion to 4 more ſcientific mo 
| * of the Subject under conſideration. 


o ſubject of philoſophical i inquiry, within the 
limits of human indeltailcn, i is'more calcu- 
| ited to excite admiration, and to awaken curioſity, 
than Firs ; and there is certainly none more ex- 
tenſively 1 uſeful to mankind. It is owing, no doubt, 


to our being acquainted with it from our infancy, 
A | # vl 


* 


3 Managenen of Fire, 


that we are not more ſtruck with its appearance, 
and more ſenſible of the benefits we derive from it. 
Almoſt every comfort and convenience which man 
by his ingenuity procures for himſelf, is obtained 
by its aſſiſtance ; and he is not more diſtinguiſhed 
from the brute creation by the uſe of ſpeech, than 
by his power over that wonderful agent. 
Having long been accuſtomed to conſider the 


Management of Heat Tg a matter of the higheſt 
4 habit bf attending care- 


importance to mankin 
fully to every circumſtance relative to this intereſt- 
ing ſubje& that occaſionally came under my obſerv- 
ation, ſoon” led me to diſcover how much this 


ſcience has-been neglected, and how much room 


there is for very efſential improvements in almoſt 


AF> thoſe various operations "in which' Hed | is em- 


ployed for the purpoſes of human life; n 
The great waſte of Fuel in all countries mlt be 
apparent to the moſt curſory obſerver j and the 
uſes to which Fire is employed are fo very extenſive, 
andthe expence for Füel makes ſo confiderable an 
article in the lift of nectffaries, that the i TENG 
of the Tubje&t cannot be denied. | 
And With regard to the Fconorn "of Fuel, i has 


17 in particular to recommend it „dat Whatever 


is ſaved by an individual, is at the fame time a po- 

five f ving to the whole Abd 3. for js 4 
there is for any article le ih i 

Fears will be i its price; and as all 755 1 * of, 

- uſeful induſtry—all the © arts and manufaQures, 

without exception, depend, directly gr indirectly, 


on operations in which) Fire 18 necghlary, * 15. of 


4 | muc 
7 T ' <8 


e 4 S. e. nn 2 3 3 


BY e contrivance by which a, ſmaller 


and the Economy of Fuel. 55 


mercial country to keep the price of Fuel as" low 2 
poſſchle: And even: in countries there are 
no manufactures, and where the inhabitants ſubfiſt: 
entirely by agriculture, if wood be uſed as Fuel 
as the proportion of woodland. to arable muſt, de- 
pend in a great meaſure on the conſumption of fire- 
wood any ſaving of Fuel will be attended with a 
proportional diminution of the foreſts reſerved for 
fre · wood, — conſequently, with an increaſe; of the 
lands under cultivation, — with an increaſe, of inha- 


bitants, —and of national wealth, beach. and 
proſperixy- vile! 4 bas, iam ah Ai vine) om 
But, what renders, this ſubject peculiarly intereſt 
ing, the great relief to the poor in all countries 
and particdarlyin all cold climates, and in all great 
he" ery climate, that would reſult! from any; 
ution;of the price of Fuel, or. 


antity af this netceſſary article than they now axe 
8 to employ to make themſelxes comfortable, 

might be made to perform the ſame ſeryices. Thoſe 
who have never been expoſed to the inclemengies of 


the ſeaſons, —who, have never been eye-witheſſes io 


the ſuſſerings of the poor in their miſerable habita- 
tions, pinched with cold and ſtarving with hunger, 
can form no idea of the importance ti them 
8 ſubject Os i Propoſe 10 e _ 
; Kot ©, 
Ta all er ak plexiureil in d to 
mankind by promoting uſeful knowledge, and faci- 
anng: che means of procuting the comforts and 


45 40 - B 3 conve- 


4 4 z : 


| * 
6 | Of the Managentit of Fi 


convenenis of le theſe inveltignionscanio6 but 
ba very in 
ONE it . thas eh 
is a great waſte of Fuel in all countries, ariſmg from 


3 carelefineſs in the management of 
Fire, yet few very few, I believe—are wrare of 
the real amount of this waſte. + 


From the reſult of all a totes whe 


| fubjeR; I have been led to conclude, that not leſs 


than ſe ven gb. of the heat generated, or which, 
with proper management, might be generated, from 


the Fuel actually conſumed, is carried up into the 
atmoſphere with the ſmoke, and totally left. '- And 


this opinion has not been formed haſtily-;/ en the 


vontrary, it is the reſult'of' nitich attentivd obſery- 


ation, and of many experiments: "But, d u nnter 


of ſo auth pense, T foal 00 be 3 
merely to give the Public my opinions, but to lay be- 
fore them the grounds upon which thoſe Shin 
have been founded; in order that every cu m 


| judge for himſelf of the certaney, er probubiley; 


of my deductions. 
It would not be difficult; merely Rem a Sens. 


ation of the nature off heas;—of the Anis "ih 
which it is generated in the combuſtion of Fuel, 
ad and the manner in which it exiſts when 


to ſhew that, as the proceſs of boiling is com- 


maonly performed, there muſt of neceſſity be a very 


great loſs of heat; for when the veſſel, in which the 


| dai ta be boiled is contained, is placed over'an open 


or naked fire, not only by far the greater part of 
the radiant heat is totally loft, but alſo of that which 


. 
7 


N fl 


E 


. loſt: in any given operation, I endea- 


* 


eee, ' 2 | 


al proportion ta #5 the. veſſel ; the. ret. 


1 55 TEgions.c the anotphere. But, withs 


quantity of; any ge 


EE: js 11 
Ft of va om de com 
pans attly the proportian of 

Gay or Wietylly employed, to that laſt 
ther 7 ; of. being. able. to determine. this 
i gbligech to haye, recqurſe t@. 
— 4 Inſtead of determining the quan- 


voured to find out with how much Jeſs Fuel the 
operation. might be performed, by a more ad- 
oth mackngy at of the Fire, and diſpoſition. | 
And ſeveral extenſive public 
ts, ng av te in Bayaria 
koi a en years, under my direc» 
tion, by To of Ag Serene Highneſs the 


" Exzoror PAL4tINE ; particularly an eſtabliſh, | 

ment for the Poop of Munich (of which an accougt 

| has been given to the Public in my firſt Eflay) ; and 
the Eſtabliſhment of a Public Academy for the edu- 
LRN DO TINY 


— — 
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ing, by numerous experiments made "up 


common operations in which Fire 


& Of the Na Ins, 


of the” fate in the different civil a 

partments; the economical arrangements 6fith 

eftabliſſtients- alforded-" me a moſt- ns 3 0p 
whit re- 


ſcale! and often varied and reptated, oh 
portance of the improvYements I have introduce 
That many experiments have been actually 
made in theſe two Eſtabliſhments; during the ſeven: 
years they! Ne exiſted, will not de doubtet' by 
thoſe who are informed, that the Kitchen, or 527 5 


the Fire- p lace of the kitchen of” the Hoyſe-/of 


duſtry, Tap been pulled down and "byitt” EM f 
anew” no leſs than, three' Hime, "and. that of the 


Military Academy rules, during that Petſod; 


that the forms of the ber dhe e Kin. 555 
ſtruction of the fire-places, oth 


; oftener© 17 wi in 224 Hal ov. ATP ih Sven 


The cps of: the im provements'in thi m. 
nagement of heat peel in * operations 
which have reſulted from theſe” inveſtigations, A 

by comparing the quantity of Fuel now 
actually uſed in thoſe Kitchens, to that conſumed i in 


performing the ſame operations in kitchen on the 


common conſtruction: And this will at th Hunte 
time ſhew, in 4 clear and ſatiskadtory 
what I propoſed to provez—n namely 3 

Jt "emi 


there'is 2 very great waſte of Fuel. 
"The waſte of Fuel in boiling water AY N 25 


quid over an ber te in be manner in Which 
4 | that 


* 


. e o 3 
that proceſs is commonl y performed, and the great 
. faving of Fuel which will reſult. from a more ad- 

vantageous diſpoſition and management of the Fire, 


will be evident from the reſults of the follo 
Experiments, all of which, were, made by 1 


and with the utmoſt -— Fe 
id R AND 5090 #5: | EY 5200 TIT giant 
ban (25 1 abe 2A < 2 „ ieee * 5 4. 56} | 


Le, 2? oh ke 44 5 1 17 Faw * icy 


ig Wii id "et es Ka” 1:4 D by 1 10 
N 201 Kd i ben A214 os & hin 
Nie Es ler bel belonging fo.che 1 key gh 
in diameter above, 192 inches ] My Wt ö 
add 24. inches in depth, and which weighed 3e. 
weight of Bavaria, T=> 61.92 15 avoirdupgls,) 
being. fixed i in its fire-place, was filled with 95 Ba- 
varian meaſures (= 28 Engliſh wine · gal lone) v of 
water, ' which weighed 187 Bavaria pounds 
(= 232,58 lbs. Wöirdupois); ; and this water be- 
ing at the temperitute of 58⸗ᷣ F. a fire was lighted 
under the bojler with dry. beech-wogd, and the 


Vater was. made {0. boil, and was continued. boiling 
uo hours. The time employed: and wood con- 


ſumed in this Experiment, were an Nele: a 
DLL, CE NY Time guployes? Wood -c ente ed. 
17 2. 2 il Mo 7 3 2232 IH 1 TK: 11 
Jo. make the water boil,. 1 2%, erb ovine, 
a the er boiling, - 2 0 ar T * Akt "I 
end ng 503) ene . f ee 0 
en of gdmn⁰.tr in, Ado 24. Bua ad TX 0 4 


7s Ws : Experi- 


ca Fri 1 5 1 4 ary Tec ' | ANY ery cs 2 
bs 87 Een. Nes. BY | 
e 
17 boiler, containing the. fame quantity © 


of vater at the ſame temperature, being now re- 
moved to the kitchen of a private gentleman in Lig 
* neighbourhood, (Baron de Schwachheim, a bro- 
ther of the Commandant of the Academy,) and 
placed upon a tripod; 2 quantity | the ſame kind 
"- of wood uſed in the former t being pro- 
vided, 2 fire "way 1 under it 77 5 the gentle- 
. man's'cobk, ' (diredtions'k Kaving been NS bas 
faz n poliibleof Fuel,) and it was made o 
Dot, and aro rand wwe Hort. 
| 1 me on 
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As in theſe two Expetlihetits'the tithe böller wait 
employed ;—as the quantity of water Vas the ſkin, 
, alſo its temperature at che beginning” of the 
Experimetits,—and as it was made to 'contitius 
boiling during the ſame length of time, it is evident 
that the quantities of wood conſumed ſhow the re- 
lative advantages of the different methods employed 
in the management of the Fre. The difference of 
_ theſe quantities of Fuel is very great (the one be- 
ing only pH nn other 3 to no 


a RICE g 5 5 1 — . | 4 a leſs 


5 4 8 4 — Vas : 
and the Econeny.gf Nl. wn 
lefs than 62; Ibs. ). And this ſhows how very con- 


fiderable the waſte of Fuel really is, in the manner 
in which it is commonly employed for culi Bar. Fo 


poſes, and how important the favings are 


may be made by introduring a more advaiitagedls 8 


arrangement for the management of Fire. But great 
as theſe ſavings may appear to be, as ſhown by the 
reſults of the 1 Experiments, yet they Are 
in fact ſtill more enges as Will be abun- 
dantly proved in the ſequel. In the Experiment, 
No. a. in which the boiler was put over an open 
Fire, great care was taken to place the Fuel in the 
moſt adwantageous manner; but, in „ little 
artentlort is paid to tat circumſtance, and the waſte 
ol Fuel is greatly increaſed by ſuch negligence; But 
in cloſeth fire-places, upon a good conſtruction, as 
the proper place for the Fuel cannot be miſtaken, - 
and as it is fixed, and bounded on all ſides by a 
Wall, the ignorance or inattention of thoſe who 
take care of the Fire can never be productive of 
_ any at waſte of Fuel ; and this is an advan- 
Fg 'of tio ſmall porrepe FHP theſe fire- 
places 
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„Ahr I hrge. copper fauce-pan or 8 114 Fre tay 

in, diameter above, 10 in diameter below, and 
34. inches deep, containing 4 meaſures of water, 
weighing 74 lbs. and at the temperature of 58 F. 
being placed in its, cloſed fire · place, and a fire be- 
ing made under it with ſmall pieces of dry beech- 
wood cut in lengths of about 4 inches, the water 
RE to boil, and was contiayed, \boiling- ny. 


"The wu o he Experimen en aedlloms: * 


ſo, Os ayer Time em N ct 

en | NR | 1 
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Experiment, No. 4+! Ht 5 155 


be ſame ſauce-pan, containing the fame e quan 1 8 
tity of water, and at tlie ſame temperature as in e 
laſt Experiment, was now taken from its proper fre- 
place, and placed upon a tripod; and a fire being 
made under it with dry beech- wood, the reſult of 


| be e e 5 


Time _— Wood conſumed. 


| Hours, Min. Ibs. 
To make the water boil, 28 — 6 
To keep it boiling, - = =. 2 . 


Total, 2 28 — 1 


The 


| and the Economy of Fuel. 13 
The Aifference i in the reſults of theſe two Expe- 
riments is nearly the ſame as that in the reſults of 
| thoſe before mentioned, and they all tend to ſhow, 
that in cooking, or boiling over an open fire, nearly 
Jive times as much Fuel is required, as when the heat 
is confined in a cloſed le and its aperation 
properly directed. e 
But I muſt again repeat, what] — e ob- 
ſerved with reſpect t to the two former Experiments, 
as the Experiments, No. 2. and No. 4. were 
made with the utmoſt care, the reſults of them, 
compared with thoſe which were made with the 
ſame boilers placed in cloſed. fire- places, can giye no 
adequate idea of the real loſs of heat, and waſte of 
Fuel, which take place in the * en 
of cookery. 

From ſeveral eſtimates which I have made with 
great care relative to this ſuhject, founded upon 
the quantity of Fuel actually conſumed in the 
kitchens of ſeveral private families, compared with _ 
the quantities of different kinds of food prepared 
for the table, it appears that at leaſt ins- tentlu of 
the wood actually conſumed in common kitchens, 
where cdoking is carried on over an open bre 
might be faved, by introducing. the various, im- 
provements I have brought into uſe in the kitchens 
which have been conſtructed under my directions. 
But it is not alone in kitchens, in which cogking 
is carried on over open fires, that uſeful alterationg 
may be made; ' kitchens with cloſed fire-places, and 


_— all the — have yet been ry 
it; trived, 


7 


11 of the Managenent of Fre 


- wi, 8 far as my knowledge extencds,) wy _ 
hav wer of great improvement. 

The various improvements that may be 11 th 
mechanical arrangements for the Economy of Fuel, 
Will appear in a ſtriking manner from a detail of the 
Alifferent alterations which have from time to time 
been made in the kitchen of the Houſe of Induſtry at 


Munich, and in that of the Military Academy, and 


of the effects produced by thoſe INE im- 
wements. 

The Houſe of Induſtry being an eſtabliſhment of 
public charity, and the number of thoſe fed from 
the kitchen amounting from 1000 to 1 500 perſons 
" daily, the Economy of Fuel, in a kitchen upon ſo 
large a ſcale, became an object of ſerious conſider- 
ation; and I attended to this matter with peculiar 
pleaſure, as it fo completely coincided with wy fa- | 
roukite philoſophical purfuits: 

The inveſtigation of heat, and of the lun of its 
operations, had long occupied my attention, and I 
bad been ſo fortunate, in the courſe of my Experi- 
ments upon that ſubject, as to make ſome diſco - 
veries which were thought worthy of being inſerted 
in the Philoſophical Tranſactions of the Royal So. 
of London; and for my laſt paper upon that 
ſupſect, publiſhed in the TranfaQtions for the year 
1792, J had the honour to receive the annual Me- 
dal of the Society. I hope my mentioning this 
circumſtance will not be attributed to oſtentation. 
My motive in doing it, is merely to ſhow, that when 
T undertook to make the arrangements of which 1 

am 


— 


em about to give an aceount, the ſubject was by 
no means new to me; but, on the contrury, that 
I was prepared, ns Gu HR TI 
ſuch in 

Teoncrire it w de the duty of thoſe who propyſh 
' uſeful improvements for the benefit of mankind, 
not only to merit, but alſo to do every thing in 
their power to obtain, the confidence of thoſe to 
whom their propoſals are ſubmitted; and there ap- 
pears to me to be a much greater degree of pride 
and arrogance diſplayed by an author in taking it 
for granted that the world is already ſufficiently. ao- 
quainted with his merit and his — to 
treat the ſubje& he undertakes to inveſtigate, than 
in modeſtly pointing out the grounds upon which 
the confidence of the Public in his knowledge of 
his ſubject, and in his integrity, may be founded. 
Baut to return from this digreſſion, In che firſt 

arrangement of the kitchen in the Houſe of Induſtry 
at Munich, which was finiſhed in the beginning of 
the year 1790, eight large copper boilers, each ca- 


Pable of containing about 38 Engliſh wine gallons, 0 


were placed in ſuch a manner in two rows, in a ſo- 
lid maſs of brick-work, 3 feet high, g feet wide, 
and 18, feet long, built in the middle of the kitchen, 
that, from a ſingle fire-place, ſituated at one end 
of this brick-work, by means of canals (furniſhed 
with valves or dampers) going from it, through the 
folid maſs of the brick-work to all the. different 
boilers, theſe boilers were all heated, and made to 
r e 


ea the fire-place, ang 
of them were diſtant from it near 15 feet, yet 
they! were all. heated with great facility, and in a 
ſhort ſpace of time, by the heat which, upon open- 
ing the cvalves, (which were of iron,) was made 
ae through the canals. 8 

1 Each boiler having its ſeparate canal,: and its . 
| be any ſingle boiler, or any number of 
them, might be heated at pleaſure, without heat- 
ing the reſt; and by opening the valves of any 


boiler more or leſs, more or leſs heat, as the oc» 
.caſion required, might be made. to paſs under the 


boiler ;—and when no more heat was wanting for 
any of the boilers, or when the fire was too ſtrong, 


by opening a particular valve, à communication 


With a waſte-canal was formed, by which all the 
heat, or any part of it at pleaſure, might be made 

to paſs off directly into the chimney, without gaing 
war ah of th boilers. ne at 3 305 


Ahe Fire was regulated by a regiſter. ih the door 


bf the aſh-pit, by which the air was admitted i into 
the fire-place ; and, when no more heat was wanted, 
the Fire was put out by cloſing this regiſter en- 
tirely, and by cloſing at the ſame-time all the valves 
or dampers in the canals 2805 dn de nt 
Place. | 

The fire-place was of an bal 8 3 bet long, 
2 feet 3 inches wide, and about 18 inches high, 


Waülted above with à double vault,” 4 inches of air 


| being left between the two vaults; and the Fuel 


Hay dress“ into the bre place by a paſſage 


* cloſed 


N . 
ins.” oo yaa. eo... 
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eee. door, dich ee kept 
conſtantly ſhut j—and the Fuel was burnt upon ap 
iron grate; the air which ſupplied darin 
up from below the grate through the aſb- pit. 
he loſs of heat in its paſſage from the fireplace 
to the boilers, was prevented by, making the canals 
of communieation double, one within the other; the 
internal canal by which the heat paſſed, and which 
Vas g inches wide internally, and 6 inches high, 
being itſolf placed, and, us N were, inſalated, in 6 
cnunal ſtill larger, in ſuch a manner that the canal 
by Whieh the heat paſſed, (which was conſtructed 
of very thin bricks, or rather tiles,) was ſurrounded 
on'every fade with a wall, 2 inches thick, of cgi | 
air. The ſurrounding: canal being formed in the 
folid body of the maſs, of brick-workk, this arzangg» | 
ment of the double canals, was entirely concealed. 
The double canals and the double vault over the 
fre · place were intended to ſerve. the fame purpoſe, 
namely, to confine more efectually tbe heat, and pre- 
yent its eſcape into the maſs of brick-work,. and its 
confines lob. 1 187 


ing found, in the courſe of my Experiments | 
1 ph Jr air is the beſt. barrier * that can be 


oppoſed to heat, to confine it 1 endeavoured to avail 


: myſelf of that diſcoyery in theſe economical ar- 


ee and my attempts dend age ee. : 
Nod oniy the bre place kel, and_ the canals f 
| communication between the fire-place and the boil⸗ | 
1 See Philoſophical Tranſactions, 1792, part I. N 
vor. 11, c ers, 


ers, were rsa by confined un but it wus 
alſo made uſe of for confiüing the heat in the boil - 
ers, and preventing its eſdaping into: the atm. 
ſphere. This was done by making the! covers'6f- 
the boiſers' double. Theſe covers, (Sve the figures 
1/and 2; Plate 1.) which were made of thi, or rathet 
of thin iron. plates tinned, were in the form of a 
hollow cone; the height of the cone was equal to 
about efte-dlünd of irn diameter; aud the air which 
it contained was entirely ſhut up, the bottom of the 
cone deing cloſed by a circular plate or thin ſheet of 
Unned iron. The bottorh of the cone was aceu- 
Tately fitted to the top of the boiler, which it com- 
pletely cloſed by means of à rim about\ 1 inehes 
wide, which entered thie boiler; which rim was 
ſoldered to the flat ſheet of tinned 3 which 
formed the bottom of the cover. The ſteam r ge-. 
nerated by the boiling liquid, was carried off by a 
tube about half an inch in diameter, Which paſſed 
| through the hollow conical cover, and which” was 
attached to the cover, both above and below: with 
ſolder, in ſuch a manner that the air with which 
the hollow cone was filled, remained completely 
confined, and cut off from all communications with 
the external air of the atmoſphere, As well as with 
the ſteam generated in the boiler.* 
In ſome of the covers I filled the hollow of: the 
cone with fur; but I did not find that theſe were 
ſenſibly better for confining the heat than'thoſe in 
which we: cone was filled 1 with . e 


» 
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and the'\Bronomy- of Ful. 19 
Jo conxince the numerous ſtrangers, who from 
curiaſity viſited this kitchen, of the-great advantage 
of mbking uſe: of double covers to confine the heat 
im the boilers, inſtead of uſing ſinglei covers for 
that purpoſe; a fingle cover was provided, Which, 
a8 iti was externally of the fame form as the others, 
when it was placed upon a boiler, could not he diſ- 
tinguiſhed from them; but as its bottom was want- 
ing, and conſequently there was no conſined air.in- 
terpoſed between the hot ſteam in the boiler and the 
external ſarface of the cover, on being placed upon 
2 kettle actually boiling, this cover inſtagtanequſly. 
became ſo exceedingly hot as actually to burn thoſe 
who ventured to touch it while a double cover, 
formed of the ſame materials, and placed in the 
fame ſituation, was ſo moderately warm that the 
naked hand might: be held upon it for any length 8 
of time without the leaſt in convenience. 
As it was eaſy/to:conceive that what was ſo ex- 
ceedingly hot as to burn the hand, in an inſtant, 
apon touching it, ooud not fail to communicate a 
great-deal-of heat to the cold atmoſphere, which 
eontimually lay upon it, this Experiment ſhowed, 
in u ſtriking and convinting manner, the utility of 
my dœuble covers and I have ſince had the ſatiſ- 


12 ian to ſee them gradually finding thetr way into | 


common. ple. iL ect . 0% 31v Shins . — 
. Iris perhaps quite üntecalfary tiut ſhould in- 

ſorm my readers, that one principal: motive which 

induaed me to take fo much paius.im the arrange- 

ment of this kitchen, was A deſirę· to 9 | 

. Das 3 5 i | 


% Qik Management .of Fire, 


fal imptovements relative to the'Mandgement of 
Heat and the Economy of Fuel, into common prac- 
tice. An eſtabliſnment ſo! intereſting in al re- 


ſpects,—ſo important in its conſequences, —and ſo 


perfectly new. in Bavaria, as a public Houſe of In- 
duſtry upon a liberal and extenſive; plan, where 


almoſt every trade and manufacture is carried ox 


under the / ſame roof, where the poor and indigent 
of both ſexes; and of all ages, find a comfortable 
aſylum, ald: employment ſuited to their ſtrengthi 


and to their talents; and where induſtry is excited, 


not by puniſhments, but by the ungſt liberal rewards, 
and by the kindeſt uſage ;.'Sughian eſtabliſkmens, 
I thought, could not fail to excite: the curiaſity of 
the Public, and to draw together à great concourſe 
of yifitars ; and as this appeared to mea-favorable 
opportunity to draw the public attention to uſeful 
improvements, all my meaſures were taken accord» 
ingly); and nat only the kitchen, but alſo th bake- 


hauſe, the ſtoves for heating the e 


lampe. —the various utenſi and machines: 
uſe of in the diſferent manufactories all the di 
ferent conomical .arranigements.and contrivanaee 


for facilitating, che operations of hiſeful; induſtry, | 


were fo many motlels-expreisly made for inũtation- 
0 But in the arrangements relative to the Economy! 


of Fuel, beſides a view to immediate public utility; 
another motive noi / much leſs powerful, contri- 


buted / to inducb me to pay all poſſible artantiom t h 


| py: eg a n e a more 


| It 


r 


and abe \Economy: of Fuck ow | 


and of the laws of its operations z · and with this 
view ſeveral parts ere added to the 
which I ſuſpetted at the time to he tod „ 
tu be really uſeful in common practie- 
The ſteam, for inſtance, which aroſe from the 
boiling liquids; inſtead of being ſuffered to eſcape 

into the atmoſphere; was c Pore ecr— | 
4 room immedintely over the kitcHhen;"where"it wi 
riade t6'paſs. through a Tpital wort, placed in à 
large caſk full of cold water; and condenſed, . 
ing out its best to the water in the ciſt; 

water thus warmed, without any new Sens bf 


Fuel, was made uſe of next day, inſtead of cold 8 


ater, for filling the boilers. That Hing water, ſo 
warined, might not be cooled during the night, the 
caſk that contained it was put itits another caſæk 
füll larger; and'the ſpace betheenm the two enſks 
as filled with wool. | The cooling ef the ſteat, 
in ats paſſage from the boiler to'the' caſk where it 
xik-eondenſed; was prevented: b Warm covert 

of ſhetp-ſkins with the wool on ; by which che 
tubes of cominunication, which were of tin, 'were 
\defended from the Csld air of the ueHpere. 
Byckis contriviniceg the heat, which Huld ocher- 
Milt have been carried off by the ſteam into the at- 


moſphere and totally 16ſt, was arkeſted in its flight, 9 5 


und brought back into the boiler, and mute do 
work the ſecond day. T malig oh 
Ny other — ak er alt wk 143d 
under contribution. After it had paſſed under tie 
+ullers, and juſt as it was dbout to eſcape by the 
' 2, chimney, 
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0 -boilers, wag made 


f the Management of Fre, 


aimney, it was ſtopped; and, by being made to 


paſs under à large copper filled with cold water, 
was deprived of the greater part of the heat it fill | 

refained : And thinking it probahle that conſider: 
able advantages would be derived from drying the 
wood very thoroughly, and even heating it, before 
it yas made uſę of for Fuel, — two or 
ths boilers wag-made -to. paſs under a plate of iron 


| wood, necellary for- the conſtants of the kitchied 


ſor one day, (having previouſly deen cut into billets 
of a proper ſiae, ) Was dried during 24 hours, pre- 
vos $0.ja/being ſed: . „ e b: „ 1 

In, a ſmaller. Kitchen, (adjoining t0 that 1 have 
been deſcribi which was e merely as 


2 moqdel for mitation, and which was conſtantiy 


pen for the inſpection of the Public, five boilert uf 
Aifferent ſixes, all heated by the fame fire, were 
placed in a ſemicircular maſs of brick-· work, and 

the ſmoke, after; haying paſſed under all [theſe five 
to heat, at pleaſure, either un 
oven, or Water which. was contained in a wooden 
caſk ſet, upright upon the brick-wOrk. A tube 
copper, tinned on the outſide, which went through 
the caſk, gayę a paſſage to the ſmoke, and this tube 
was connected with the bottom of the caſſec hy 


means off: circular plate of copper through which 


the tube paſſed, which plate cloſed a circular open- 


ing in the bottom of the caſk ſome what larger in 
wt Wanne „ in 5 bit 
177 ons of en 17 e ee ro 


und the Romany" of - Ful. 25 


This circular plate was nailed to tlie bottom of 
me caſſe, and the joining made water - tight by in- 
terpoſing between the, metallic plate and the wood 

a ſheet of paſteboard; and the tube was: faſtened. 
to the plate with ſalder., This tube, (which was 


about 6: inches in diameter, ) as ſdon as it had 


paſſed the circular plate, and entered the barrel, 
brapched ont into three ſmaller tubes, each about 
4 inches in diameter, Which, running. parallel 10 
each other through the whole length of the caſk, | 
vent out of, it above, by three different holes in the 
upper head of the caſk, and ended 2 which 
led; to, the chimney. - 219. 11,204 


_ - +». This tube, by which the anche paſſed, through 


the eaſk,- was branched out into a number of 
branches in order to inereaſe the ſurface, by which 
the heat of the ſmoke was communicated to the 
water in the, caſl. The caſk was ſupplied: with wa- 
ter from a reſervoir placed in the upper part of the 
building, by means of a leaden pipe af communica- 
on from the one to the other audi the: machinery 
was ſo contrived, that, when any water was drawn 
out of the caſkł for ule; ĩt was ĩminediately replaced 
ſtom the reſervoix; but as ſoon as the, water in the 
caſk had regained ita proper height, 1he cold water 
hom che teſervoir ceaſęd to fSpwinitebro of <> 
Nothing more genetallycexcited; the ſurytiſe and 
curioſity of thoſe ut niſitod this kiteHen;i than to 
lee water actually boiled in a wooden caſk, and 
drawn front it, boiling hot, by a braſs cock. 1 
"we deen the mom 225 W the 
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| ſoup, in order to its being: good, requiring 
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Mannen in chich tllis was done, a8 Lihhve-realon to 
think that a contrivance of this kind, or ſomething. 
ſtmitar 46! it, might, iti many caſes, be appliad to- 
uſeful purpoſes; Ne contrirince-can-poſibiycbe 

by which heat can be communicated to! 


fluids with Je kttle loſs; and as wood 48 not en, 


au edelleht non- conductor of heat itſelf, But may 
ea be ſurrounded by confined air, by furs andi 


other ke bodies which are known to be ufeful in 


1 heat; the lo's of heat, by the Tides f 4 
eviitaining veſſel compoſed of wo, night be al 
moſt entirely prevented. 286 115 22210 bad rogers 
Why ſhould not the boilers far lrg ſaltiworks 
aud Sreweribe, and thoſe deſtined for other fithilar 
pProceſſes in whieh great ities of wüter are 


wich horizontal tubes of iron or of copper, co. 


municating with'the fire-place, and: running through 


them, for the eirculution of the ſmoke ? But this 


is not the place te enlarge upon this ſuhjeet ; ! 
alt eherefore leave it for che preſent, and en Wo 


my kitgheng ifs you fol Tet eee Of 26 
Te prepate the ſoup - furniſhed to PEACE bun 


_ the Miteben of the Houle-of Induſtry, I was found : 


_ Welch vp the fire: near foe; bokre, the 


raboye three eure 
Thb Egelimiatle ue: of in tllis kitchen was dry 


| beech-woodizbacord of which (ot Later, as it is 
dalle) S. Magi tet 8 8. inches long, 5 bert 
$1; inches! high, and g feet 1 inches widd, and 


nur -£3--: which 


heated," 61:-vbporatcdy- bs conſtructed of woods 


e be 


— 


BY \Eeononty" if Fae 9 25 f 


Which „bed at ah average Aout 220 Bavarian 
pounds, ( 27 be. Avoirduppis, ) colt attan av 
rage about ee d. ſterling) in che 
market. * N91 1 jo] 1246 N 10 unnd 9 701 1185 | 
Of ..thigvwopds pelt hen 
toup wa Provided: for 1000 per dnss ir about 

300 lbs. Bavarian weight, or about ij imbr d. : 
ally, of cord'or clafter, which colt py retour. 
_ pers9i(6p creutzers making ia florin ) or tabour 
1. 339.ſerking : And zhis gives v5, of a ereutzer, 
or A of a fartkingq fat the duily-expenoe/for Fed | 
in cocking for each perſon- to np oats - 
To make: an eſtimate of the daily expenee for 


Fuel in cooking the, ſame quantity of the Gamekibd 


gy at aſdup in ꝓri date kitchma, we wills ſuppoſe theſe 


loop perſons; who were ec from the pudlit Kirehen 
4 0 the Hopſe of Induſtry, to be ſeparated into u- 
milies bf. iy perſons each. iI a Hv, 1. 
his would make juſt ao - farmlies ;* and the 
quantity afiwood/confumed in the publle kitchen 
daily fot feeding! 1 ο ( 3000 1bs3) being 
divideck among a0 — be. of wood 
for the daily» conſumption ef each fatally; An 
according / to this eftimate;"ki cordiof wood, weighs 
ing a abs., ought: to fue for cooking for ſuch 
a family 1466 days or q. αν e date 
But. pon he atolt-oareful inquiries) #lrive/to 
the rep pe pear of 7 —ç— 


26 Of be Monagemen f ire 


adpſexpmcy of Fuel. then 15 be, f dry beech» 
Vvood ofs the beſt quality /canſtquently; a cord u 
ſuch wood, inſtead of ſufficing; for. preparing a ſoup 
daily for a family of 5 perſons for 4 years, i would 
hardly ſuffice for o. long s time aß g months. 
2nd henge it appears, that the conſumptiog cf 
ö Fuel -in the kitchens: of privnte / families, lis to chat 
conſumedl in the firſt kitchen of the Houſe of: In. 
duſtry t Munich, in preparing the ſume quantity 
Ie. ſans hind of food, (pes ſaup, ) cu ib. to 1. 
But it muſt bereniembeted, that this difference in 
the quantities of Fuel expended is not occaſioned 
miro hy the difference; beteacm the ty uneilods 


of: managing the Frey: for, excluſſye of the effedt 


ꝓprdd ud by a given arrangement af the machinery, 
with meu ſame arrangement, the greater the quan- 
tit yo ao. preparod at on, or the larger the boil- 
er, (within certain limits hawever, as will be ſeen 


| harcakier;)-therlſs in propyrtidn Avilli be the quan- 


tap »bf Tuuel: required p-+and' theofaving of Fuel 
Ahiqhſ ariſes from poobing upon a large ſcale is very 
conſiderable. But I. ſhall take occaſjon-to treat 'this 
part pf nmayubjez more bully. elſe here: „ A 


Adelbe küchen ät abe Houſa uf Induſtry uns finiſhed . | 


then tlie year 1790. And much 
about the. lame tines bb other publio kitchens 


| upon a large ſcale were erected at, Munich, under 


ms Hinestiens 5: namely, ithe kitchen; belonging, to 


4 e 


+ fr. 3 EY. 
vi SR: ards, - on — the kitchen of the Houſe of 17577 


| Shd iim gituß vn betten priveiptes; the 'Ecobomy o bel 
e e ax wilt betzen han- ſequel ofthis ERV. yo — 
| 3 | | | 
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ah Milly .Acadetny; and thut belonging to the 
Military Hall (as it is called) in the Engliſh garden 
in which building near a0 military offivers : meſſed 
daily during the annual encampments, for ieh 
purpoſe this building Was erected. ea bot aan 
There is licewiſe in the garden, (which is 6 Eng- 
Ah miles in circumference, ) an inn-La farmhouſe, 
und a large dairy; and thieſe eſtabliſhments gave 
me an opportunity of conſtructing nd leſs than four 
other kitchens namely, two forithe inn one for 
the farm-houſe;] and one foi: che uſe of the dairy. 
And the uſes for--which theſe different kitchens 
were deſigned, and to) which they were applied, | 
wete for various; as not only-to; inelude almoſt 
proceſs'iof-caokery;/ but alſo to afford o 3 


of performing the ſame operations upon very diß. 


ferent ſcales} and conſequently vf making man?; 


intereſting Experiments relative to the- 

of Heat, and the Economy of Furl. Was 

70 Thar I did not neglect theſe 

Fuing; with effect, a ſubject whichihad long ing 

my attention; an@ to Which'Þ was much attac 
A readily be believed by thofe who know what 


"Jour © Gurib6 abject of — — 
| /isGapable of inſpirimg in an inquiſietde mind; - 
ul As the Experiments I have made; or cauſed tb 
de mad, in che different eſtabliſhments before H- 
cioned, during the fix or ſeven (years chat they hn | 
exiſted, are extremely numerous'j it would) take = 
up too much time to give an account of them in 
detall; . 


Aal. 


abtichsg che general irefults of them, and mention» 
ing mort parttulhrhy only ſuch of them as appear 
ame to ba moſt important. And .in regard to / the 
penuliar conſtruction of the different kitchens. above 
mentioned, as moſt ot them have undergone many 
Altetations, and as no one of them remains exactly 

jar che fame. ſtate in which it was firſt — 
4, do not, think it neceſſary to be / very particular ia 
my account bf them; I ſhall occaſionally mention 
the principles on which they were conſtructed, and 
the: faults I diſcovered. in them hut hen I. ſha 
come to ſpeak of thoſe improvements which have 
food the teſt of actual experience, and which I can 
recnmmend es being worthy, of imitation, I. ſha 
care to be very exact and — 
Aſcriptions. 2 nh e $414 gt e414 1 5 cr 105 | 


- v« de will not be found - very difficult, I-fancy,) from 


what-has been ſaid, to form a pretty juſt idea of the 
conſtruction of the kitchen in the Houſe of Induſtzy 
above deſcribed, eyen without-the: help of a plan or 
Arawing of it) Thariin;the;Military:A Academy Was 
conitructed upon 3 different primeiple : inſtead of 
beating all- thęc heilen from one,;and The fame g- 
Place, almoſt gyery boiler had its own ſeparate firg- 
place; and thengh the — all faraiſhed 
with;gdoyble covers, ſimilar to thoſe made uſe af in 

the kitchen of tha Houſe of Induſtry; yet there was | 
n attempt made to recover the heat carried off by 
Ihe ſteam, but it: was ſuffered to eſcape wit haut hin- 
Allrance into che atmaſmhere ; it having been found, 
by: . af the 
NRaigitog Houſe 


- 


—— 5 


Nous af Induſtry, thi wikis theiWirecls 
managed, chat is to ſay, when the heat is but. juſt 


| - fufficient-to Keep: the quid boiling hot, or very 


gentiy boiling,” the quantity oft ſtram generate io 
inconſiderable, and the heaq' barried off hy- it 
not worth the trouble of faving Rach fire. place 
was'farnifhed wilr an iron (grate; upon which the 
wood: was burnt, and che opening into the fire; 26 
well as that which' eontmiitiicated ee | 
Had in each its ſeparate iron door. | 
Finding afterwards that the den A1 which 
doſed the opening by which the wood was intro- 
diced into dhe fire. place, was much heated, and 
conſequently that it cauſed a conſiderable loſs-6 
heat by communicating it to the cold atmoſþhiere 
with' which it was in contact; in order to remedy: 
this evil without inturring the: - expence of double 
deore, the iron door was removed, and in its 
ſtead was placed a hollow eylinder; or rather trunc- 
ated cone, of burnt clay or common earthen - ware, 
with aan Was 4 inches long, 6 inches in diameter 
internally, and 8. inches in diameter externally, at its 
larger end or bafe ; and 5; inches in diameter in- 
ternally, and 77 inches'in diameter-externally; at 
ies ſmaller end: And being firmly fixed, with its 
tis in an Horizontal poſition; and its larger — 
or baſe outwards, in the middle ef the 
leading to the fire- place, and being — 
with the ſolid brick work by means of mortar, the 
_ cavity of this»cone formed' the opening by whilth - 
OY e ar 

| | an 
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n ed, eib a Gr ipfw or — | 
ware, as earthen - ware is a non - conductor of heat, 128 
er as heat cannot paſs through! it but with great 
difficulty, and very ſlowly, the;exeernal ſurface:of | 
ibis cone and its ſtoppet wete never much heated, 
conſequently the quantity of heat they could come: | | 
municate to the atmoſphere was but ivery-trifling.. | 
This contrivance was. afterwards rendered much 
_ more ſimple, by fubſticuting, inſtead of the hollow 
cone, a tile, 10 inches ſquare, and abgut 24 inches 
thick, with'a conical hole in its center, 6 inches in 
diameter. externally, and 5 inches in diameter | 
Within, provided, with a fit. baked earthen ſtopper,, 5 
eg the Figures, NG, 2, and 8. Plate I.)) 8 
| 
þ 


4 perforated. ſquare tile is preferxable to a hollow 
for forming 3 paſſage into the fire · plaer / 
not · only beeaule; it is cheaper, ſtronger, and more 
durable, but alſo becauſe ãt may, on account ak-its, | 
form, be more eaſilytand more firmly fixed in its | 
place, and united with the reſt of the brick-wark., . Ree 
I proper moulds be provided for farming theſe, 
perforated--tiles-. aud their ſtoppers, they may be 

afforded. for a mere-trifle; ,,In, Munich they are 
made of the very beſt earth, hy the Elector's pot-; 
' ter, and they colt no more than 24 creutzers, or 
— leſs: than 9d. ſterlingy for a tile with. it, 
| I had. ſeveral; made of ſand- ſtone by a 
— but they coſt me x florin and 30 
creutzers; or about 28. 9d. ſterling each. i S lorw 
Though thoſe made of {tone anfwered: periettly» 
2 9 better than * 
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"and the Erunamy f Fuel." 33 
of eurthen. ware; and 3k theſe laſt are much cheap⸗ 
er, and I believe equally durable, they ought cer 
tainly to be preferred That the ſtopper may be 
made to fit with accuracy ithe hole it is intended ta 
cloſe, (which is neceſfary, as will be ſeen hereafter;) 
they may be ground together with fine fand moiſt- 
enedt With water n ditrangmngh www 

Senſible; from the beginning, of the great ãm- 
portance of being abſolutely maſter of the air which 
is admixted into the fire · place to feed the Fire, ſa a 
to be able to / admit more or leſs at pleaſure, or ta 
excludè it entirehy; I took care, in all my fire - 
places, to (loſe very exactly the paſſage into tlie aſh- 


th pit by a door carefully fitted to its frame, the air bo 


being admitted through a ſemicircular opening fur- 
niſned with à regiſter in the middle of this door. 
This contrivance (which admits of no further im- 
provement) is indiſpenſably neceſſary in- all well-. 
conſtructed fire · places, great or ſmall. (See the 
* r from Fig. to Fre. r6,/Plate II.) gant 
Having occaſion, in the courſe: of my arrange- 
ments, to make uſe ofa great number of boilers, 
and often gf ſrveral boilers of the ſame dimenſions, 
1 ayailed myfelf of that circumſtance to determine, 
by actual experiments, the beſt form for boilers, or 
that form which, with any given. capacity, ſhall be 
- beſt adapted for ſaving Fuel. WER —— : 
r Iwo; of moe boilers of, the, ſame capacity, but 
of (different, forma, conſtrudtad of ſheet, copper; of 
the ame thickngſs, were placed in oloſod fireplaces, | 
ene pyſfible upon the ſame 
5 n 5 0 principles, 
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33 e, lden of fr, | 
and were uſed for a length of tame in 


— — ere 

Fuel conſumed by each being noted, the compa - 
rative advantages of their different forms were , af 
certained· Bome of theſe boilers were made deep 
and narrow 3+-athers, wide and ſhallow ; there 
were ſome with flat bottoms others of a globular 
form ʒ and others again with their battoms drawn 
ward like the bottom of a common glaſs bottle. 
| Fhetrefults of theſe inquiries were very curious, and 

led me to a molt: intereſting diſcovery: They 
taught me not only what forms are beſt for bbilers; 


but alſo (uchat is ſtill more intereſting) why one 
form is preferable to another: They gave me 


much new light with reſpe& to the manmnen iin 
aich flame and hot vapour part with their het; 
and ſuggelled to me the idea of a very important im- 
proevement in 
places; which 1 have re in A Ek great | 


in the internal. conſtruction of fire. 


ſucceſss. 


"Barr dee ˙ 2206/1 explabs-chis whinges in 


x elbar and fatisfactory manner̃, and to render it 


calier'to'b underſtood by thoſe who have not been 
mh converſant in inquiries 'of this kind, it will be 


 necefary'to go back a little; and to treat che ſubject + 
under conſideration ina more veiralle nee 
0 manner. 21 24 an 


Ma enn 


. wid rot" hy 


my intention 


Ss. > 


bas 
; ——— | 
or fundamental principles of that feience are neceſ. 
Ko yaa Gas - 

* 6. 29 2 
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| grounds the practical rules and difoAivhs' delsties 
to the management of Heat which wilkhereafter bd 
recommended, it will not, I truſt; be deemed either 
improper: or ſuperſſuous, to take ac more extenſive 


view of the fubje&, and to treat it" methodieally⸗ Ie 


and at ſome length. gib an: 71591 q mid g 1 
„have perhaps already expoſed: rayfelf+t0 eri- 
ticiſing7 by paying ſo little attention to method in 
this Eſſay, as to poſtpone Io long the it t ut A 
of the elementary principles of the ſcience I have 
undertaken to treat.—It may be thought that the 
part of the ſubje& I am now about to conſider 
' ſhould have preceded all other inveſtigation ;—that 

Inſtead of occupying the middle of my book, it 


| ought to have been diſcuſſed in the Introduction, 


or at leaſt to have been treated in the beginning of 
the firſt chapter :—But if I have been guilty of a 

fault in the arrangement of my ſubject, it has ariſen, 
not from inattention, hut from an error of judg- 
ment. Deſirous rather of writing an u/eful book, 
than of being the Author of a ſplendid performance, 


I have not ſcrupled to tranſgreſs the eſtabliſhed rules 


of elegant compoſition in all caſes where I thought it 
would contribute to my main deſign, public uriliiy- 
And well aware that my book, in order to its 

| being really uſeful, muſt be read by many who have 
neither time nor patience to labour through an ele- 


mentary treatiſe upon ſo abſtruſe a ſubject, I have 
endeavoured to decoy my reader into the fituation 


in which 1 wiſh, him to be placed, in order to his | 


having a complete view-of the proſpect 1 have pre- 
vol. 1. = | Fw 


S 7 2 


8 
1 
F 
6 
* 
11 
of 
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5 % * \ 


— 


pared for him, rather than: to ers e e its, 1 
F have uſed art in doing this, he muſt forgive me z 

my deſign was not only innocent, but ſuch as ought 
to entitle me to his thanks and to his eſteem. 1 
wiſhed to entice him on as. far as poſſible, without 
letting him perceive the difficulties of the road and 


new chat ve haye come on together ſo far, and are - 


ſo near our journey's end, I hope and truſt that be 
will not leave. e nee therefore ::: 
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. 7 Al ner 15 the 4, and not by i the 
Fuel. Effect of blowing 4 Fire explained. —Of 
Fire. placet in which' the Fire is mais to blow itſelf. 
A Uir-fubnates.—=Theſe Fire-places illuftrated 
. by a Lamp on Argand's Principle. — Great Iniport- 
ace of being able 1 regulate the Quantity of Air 
which enters a cloſed Fire-place.—Uility of Damp-' 
ers in the Chimnies of cloſed Fi ire-platti— General 
- Rules and Direction for c ing clefed Fire. 
" places ; with a- full Explanation * the 8 25 
A — which theſe. Rules are e founded. a 


5 Wiser. entering into thoſe abſtruſe and moſt 


difficult inveſtigations reſpecting the Na- 
ture of Fix R, which have employed the atten-/ 


tion! and divided the opitiions of ſpeculative philo- 


ſophers in all ages; — without even attempting to 


determine whether there be ſuch a thing as an - 


neous fluid, or not ;—whether what we call Heat be 


oecaſioned by the accumulation, or by the increaſed” 


action of fack a ſſuid; - or whether it ariſes merelx 


from 28 ele uten in the component par- 
9 2 ticles 
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I is likewiſe probable—1 might ſay. certain—that, 


K , Of ie Managenent.of Fire, 1 
ticles of the body heated, or of ſome elaſtie fluid by 


which thoſe particles are ſuppoſed to be ſurround- 


ed, and upon which they are ſuppoſed to act, or by 


which they are luppoſed to be ated upon: In 


ſhort, without bewildering myſelf and my reader 


in this endleſs labyrinth ,of, darkneſs andouncer- 


« tainty, I thall. confine my inquiries to objects more 
within the reach of 


uſeful, and which are clearly 
kuman inveſtigation z namely, the diſcovery 95 
the ſenſi ble Properties of Heat, and of the mc 

advantageous, methods of generating it 2% and 82 


rectin it with Lirtainty and, effect in ole oy 


proceſſes a Much x is een in the economy 


of human life. 

Though I F: do not undertake « to determine what 
Heat really. is, nor even to offer any opinions | or 
conjectures relative to that ſubject; yet as Heat is 
evidently ſomething capable of being excited or 
generated, increaſed or accumulated, meafured 


and transferred from one body to another; in treat- 
ing the ſubje&, I ſhall ſpeak of it as being gens 


mied, confined, directed, diſperſed, &c.; it 1 


eee to make myf 
underſtood. | T2092) 
Though it i is — aaa, 3 1 much Heat 


it is poſſihle to produce in the combuſtion of my 
giyen quantity of any given kind of Fuel, yet it is A 
more than prohahle that the quantity depends i in a 


great meaſure on the Management of the Fire. 


dhe Heat produced is furniſhed, not merely by the- 
> x 7 <a, Fuel, 


- 8 
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Fuel, büt in a great meafüre, if not entirely, by | 
+ the air by which the Fire is fed and ſupported. 
It is well known that air is neceſſary to combuſtion; _ 
it is likewiſe known that the pure part of common 
atmoſpheric air, or that part of it (amounting to 
about 4 of its whole volume) which alone is capable 
of ſupporting the combuſtion of inflammable bo. 
dies, undergoes a remarkable change, or is actually 
decompoſed in that proceſs ; and as in this decompo- 
ſition of pure air a great quantity of heat is known 
to de ſet looſe, or to become redundant, it has been 
ſuppoſed by many, (and with much appearance of 
probability, ) that by far the greater part, if not all 
the heat produced in the combuſtion of infammable 
bodies, is derived from this ſource. | 


But whether it be the air or the Fuel which 1 
niſhes the heat, it ſeems to be quite certain that the 


quantity furniſhed depends much upon the Ma- 


nagement the Fire, and that the quantity is greater 
as the combuſtion or decompoſition of the Fuel is 
more complete. In all probability, the decompo- 
ſition of the air ir keeps kt yup the decompoſition 
of the Fuel: 
It is well known that the Sound of Fuel is 
much accelerated, and the intenſity of beat 
augmented, by caufing the air by which the" com- | 
bultion is excited, to flow into the fire-place in 4 
eontinued ſtreum, and with à certain degree of ve- 


lycity. Hence, blowing a fire, when the cutrent of 


air is properly directed, and when it is nat too 
> Rrong,: "ſerves to accelerate the combuſtion, and to 
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increals the heat; but when the blaſt is improperly 
e eee 
e the combuſtion than to forward it; and when 
is too ſtro 
ws extinguith i it. There is no fire, however in · 


tenſe, but may be blown, out by a blaſt vf air, pro- 
vided it be ſufficiently. ſtrong, and that as infallibly 

_ as by a ſtream of cold water. Even 
the moſt inflammable perhaps of known ſubſtances, 
may be actually on fire at its ſurface, and yet the 
Fire may be blown out and extinguiſhed before the | 
ee, Leger r e Arg 
ſumed. 


This fact, however extraordinary ard-jacredivle 


85 it may appear, I have proved by the moſt, unex- 


ceptionable and concluſive experiments. 
Fire- places may be ſo conſtructed that the Fire 

may be made to blow itſelf, or —which-is the ſame 

thing—to cauſe a current of air to ſlow into the 


; Fire : And this is an object to which the greateſt. 


attention ought to be paid in the conſtruction of all 


£ fire: places where it is not intended to make uſe of 
à⁊n artificial blaſt from bellows for blowing the Fire. 

| Furnaces conſtructed upon this principle have been 
called air. Furnaces ; 5, but every. fire-place, and par- 


ticularly every cloſed fire-place, ought to be an 


ir- furnace, and that even were it intended to ſerve 


only for the ſmalleſt "ſaucepan, otherwiſe it et 


de perfect. 
: "A Aris lame e anon Ne; es 
Rrudtion ; for the LES * which ſurrounds. the | 


me - 221 


, it will blow the. Fire quite out, or 


* — 
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wick (and which- diſtinguiſhes: this Rp Benz al 
others). ſerves merely as a blower. The circular 
form of che wick is not eſſential; for by applying 
| > flatted/ glaſs tube as a blower to a'lamp with u flat! | 
or riband wick, it may be made to give as much 
light as an Argand's lamp; or at leaft quite as 
much in proportion to the ſize of the wick, and ti 
the quantity of oil conſumed, as n found by 
Qual experiment. | 
But it is not tha Kel dies that is increaſed in 
_ conſequence of the application of theſe blowers; —* 
the heat alſo is rendered much more intenſe; and 
as the heat of any fire may be increaſed by a ſimilar” 
contrivance, on that actount it is that I have had 


recourſe to theſe lamps to aſſiſt me in explaining 


tlie ſubject under | conſideration. ' In theſe lamps 


| the fire-place is cloſed on all ſides, and the current © 
of air which feeds the Fire riſes up perpendicularly 


ftom below the fire-place into the Fire. By ſur- 
r6uſding the Fire on all fides by: a wall, the cold 
atmoſphere is prevented from ruſhing in laterally 
from all quarters to ſupply the place of the heated 
air or b which, in conſequence of its in- 
creaſed elaſticity from the heat, continually | riſes 

from the Fire, and this cauſes the current of 
air below (the only quarters from Which it car 
with ed de e. into the Fire) bo de very. 


; = Dat: bs etre e by Mi n 

ſhould be ſo contrived that the combuſtion of the 
W ET : 
D 4 n, 
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2 On the Mr i 


fonally be accelerated or. retarded, ait bu adding; _ - 
9.07 diminiſping the quantity of Fuel ; and, when 
» fire-place is cloſed, this may Xe Fig be done by: 
means of à regiſter in the door which cloſes the paſ-- 
age leading to the aſb-pit j —. for, as the rapidity of 
- the combuſtion depends upon the quantity of air 
by which the Fire is, fed, by opening the xegilter, 
more or leſs, more or leſs air will; be admitted: into: 
the fire-place, and conſequently 1 more or, leſs Fuel 
will be. conſumed, and, more or leſs heat. generated 
in any, given time, though the quantity of Fuel 
in the .fire-place, be aQually, much greater. tan, 
what, otherwiſe; would be ſufficient.—Fig. 9. ſhews. 
the I of the regiſter I Free uſe for this 
bg i fn Den dn Ni 03+ eee 
In, order that this regilter may, produce its pro-, 
ve les ahve or a e eee 
int 


cl ed, ſhould be placed inthe chimney, or canal, 
by. which the ante is carried off; which damper, 


Wend be opened, more or leſz, as the gua 
s greater or leſs which i is admitted! intg the fire. 

: 8 This regiſter and' this damper will be ound. 
very uſeful in another reſpect, and that is, in pum. 
ting out the Fire when there is no longer an ca- 
ſion for it; for, upon cloſing them both entirely, 
the, Fire will be immediately extinguiſhed, and the, 
 half-conſumed Fuel, inſtead of being ſuffered; o 
burn out to no purpoſe, will be ſa ven. 


Ky Nearly the ſame effects as are produced by a 
| = may be produced without one, by cauſing | 
wg her it has. dae the enge — 


. 7 


- 
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deſcend: ſeveftil-feet: below the level of the grate on 
which the Fuel en Wee it 1 
| gorup che chimmey- 7 5 3835,7% MO 11 4* 
There is 3 much peel 
a ance which muſt · be attended to in the conſtruction 
of fire · places; and that is, the proper diſpoſition of 
the Fuel; for in order that the cbmbuſtion may go 
du well, it is neceſſary, not only that the Fuel be in its 
proper place, but alſo that itbs properly diſpoſed 
. ae: oe to ſay, that the ſolid parts of the Fuel be 
of a juſt ſize; and that they be not placed too near 
each other, ſo as to prevent the free paſſage of the 
air between them, nor too far aſunder; and if tha 
fire · place can be fo contrived, that ſolid pieces of 
the inſlamed Fuel, as they go on to be diminiſbed 
in ſize as. they burn; may naturally fall together in 
the center of the fire place without any aſſiſtance, it 
will bela great improvement, as I have found by 
experience. This may be done, in ſmall fire-places, 
(and in theſe it is more particularly neceſſary,) by 
burning the Fuel upon a grate in the form of a 
ſegment of a hollow ſphere, or of a diſh. : (See the | 
Figures 3 and 4. Plate I.) All thoſe I now: 6 REN 15 
except it be for fire· places which are very large in- 2. 
deed, are of this form; and where wood is made ö 
uſe of for Fuel, it is cut into ſmall billets from 4 
0 6. inches in length. Inſtead of a grate. of iron, 
 L have lately introduced. grates, or rather hollow 
diilhes or. panz, of earthen. ware, perforated wirlle 
aunnt mund. off holes: for 1givingia-palage he 
ak · Un z bo n 1913 * S165 $117 5d 1911s 8 
Aeunn Sh EET Theſe 


„% e Ine f , 
vhs eee be WA ewa : 
very thick qa); frong; are incompurably cheaper 
than iron grates ; and judging from the experient 
T have had of them, I am inolined to think the 
; anſwver-tven better than the grates; indeed it ap- 
_ pears to oor the nf tres. e er e | 
dee 24 en 
For large fire- places E-hnve:franitighed: uſed 
A en de e e ode eee i 
placed edgewiſe, am chaßd _ OS 
e eee N 1a Niet eis 8 
se e ben eee wich eee ee 
1 —— and $6:5-juſ quan- 
tity, and coming into actual contact with the burns 
ing Fuel, is decompoſed, contributes to the genera. 
tion of heat; it is evident that all the air thay 
finds its way into the fire · place, and out of it again, 
wirhout being decompoſed, is a thief ;z--tha it got 
only contributes norhing to the heat, but being itſelf 
heated at the expence of the Fire, and going off 
bos into te atmoſphere by the chimney, occaſions 
an actual laſs of heat; and this loſs is often very 
conſiderable, and the prevention of it is ſuch an 
object, that too much . danse des | rey x 
p eee eber erer 
- When the fire-place is choſed_ on all ſides by 4 
wall and when the opening by which: the Fuel - 
Introduced is kept cloſed, no air can preſs in late- 
rally upon the Fire; but yet, when the grate is 
larger than the heap of burning Fuel, which muſt 
N 
* ſinuate 


. n the Econgmy f Fuel. 48 
ſaute AEST Es 
place, without: going through the Fire: But when; 
' inſtead of an iron-grate, a perforated hollow carthar 
pan is uſed, by making the bottom of the pam of a 
Wk thickneſs, 2, 3, or 4 inches, for inſtance, 
aud making all the air-holes point to one common 
center, (to the focus or center of the Fire,) thigRif 
on butt eee ee in 
a great meaſure, be prevented. e bus 


lar hollow iron grates are uſed, by narrowing the 
fire · place immediately under the grate, in the form 
of an inverted, truncated, hollow cone, the/apen- 
ing or diameter of which above being equal to the 


and that below (by which the air riſes to enter th 
fre- place) about one-third of that diameter: (See | 
the, Figure 5. Plate I.) This opening below; 
through which the air n muſt be immediately 

under the center of the grate; and as near to it as 
poſſible; care muſt be taken, however, that a ſmall 
ſpace be left between the outſide or undetſide of 
the iron bars which form the dalla aue and.ahe g 


that the aſhes may ſlide down inta the aſh. pit. 40 
As to the form and ſize. of the'-aſh-pit, -theſs 
are matters of perfect indifference, provided,..hows- 
ever; that it be large. enough to give a free paſſage 
a . to the air neceſſary for, feeding the Fire, and that 
. the only paſſage into it, by,which air can enter, id 
| JLaoſedt by a good door furniſhed wi . 


This evil: may likewiſe be ord; - 


internal diameter of the circular rim of the grate, : 


4 Of the Managonint of Five, 


. maſter of the 
paſſage, by which the air enters a PRC has 
already, been ſufficiently explained. ron 
A i perhaps — 2 —— that 

where perforated earthen pans are uſed inſtead of 


iron grates, the air-holes in the pans ought to de 
rather ſmaller above than below, in order that they 


may not be choaked up by the ſmall pieces of coal, 


and the aſhes men RT ge gs 


: . Ope great advantage attending froplacts onthe 


conſtruction , here propoſed, is, that they ſerve 

equally. well for every kind of Fuel. Wood, pit- 
coal, charcoal, turf, &c. may indifferently be uſell, 
and all of them uith the fame facility, and with the 
ſame advantages; or any two, or more; of theſe 


different kinds of Fuel, may be uſed" at the fame 


me without the ſmalleſt inconvenience ; —or the 
Fire having been lighted with dry wood, or any 


other wery inflammable material, the heat may af- 
terwards be kept up by cheaper or more ordinary 


Fuel of a more difficult and flow combuſtion.— 
Some kinds of Fuel will perhaps be found moſt ad- 
vantageous' for making the pot boil, and ' others 

for keeping it boiling; and a very conſiderable 
- > fAaving will probably be found to reſult from paying 
due attention to this circumſtance. - When the 


is ſo contrived as to ſerve equally well for 


ike Af: Fuck. ths may be done en, 


kae or trouble: 


5 5 
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and be Zcanamy Fuel. as 


e have:quft ſhown, that harrowing that part of 
the fire · place which lieg below the grate, ſerves te 
make itlle kir enter the ſite in a mor advantageous 
manner. This! conſtruction has andther adam 
tage, perhaps ſlill more importantythe heat xelich 
is projected downwards 'thraugh — 
tween the bars of the grate, inſtead of, being pen 
ited ec eſcape into the-aſh-pit,! (where it ο 
be loſt,) ſteikiag againſt the ſides of [this-inyerted 
hollow: cone, it is there ſtopped, and afterwards: xiſes 
into the fireplace again with the current of ar 
which feeds the Fire, or it is in ediately reſleHe 
by. thix:iconical) ſurface, arid, afier two;rgr Ines 
| bound from ſide 60 ſide, ie tbrown:up-agdipſighe 
bottoms of the heiler. It $8 od 651¹¹⁵ Boqlol 
But in orger to be able to form a, clear and 
_ diſting idea upon this ſubject; ir 38 necgſſary to 
Kan tp all the cireutnftances attending | 
generatian,of;heat in the .combuſtian;,of;jfle 
le, bodies, and to. ſee-in;what; manner, os 
unger what forw,, the. heat generated manifeſts ity 
ſelf, and hop it May. ee eee 
confined, and directed: r Hair dũtrai bas 
„ AIhis opens a- wide f geld for lien 
= as theſe inveſtigations, are not. y. curious 
entertaining, hut alſo uſeful and important 1 
high degree, I truſt my reader will pardon me oh 
requeſting his particular attention while, endete 
to do juſtice, HS molt. intereſting, but, at the. 
8 time, maſt ahſtruſe and mglt difficuk part of 
ubject I I hay ae 1 . ee | 
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22 The heat generated in the combuſtion af Fuel 
pour Which riſes from the Fire, with which it may 

be Hid to he combined; und in the calorifin rays 

» Shich are thrown off from the Tite in alli direr- 
id wibe! anorific; or capable of generating bag in 
5 y body by: which they are Hoppe, than to he 


kalled hot; for when they pala freely through ang 


x 


medium; (as through a mals ofl air, /forvinſtance;) 
they are not found tô communicute zuy heat what. 
dee te ſuch medium; neither do- they appear te 
\. exthte any von⁰higärable degree fl iheat ĩn bodies 
reſpects they bear a manifeſt-wilethblance to 
be emitted by che unh % , 3 d 
on hat propordon the raum dvar (if I may de 
mee io uſe e inacenrate an enpreHE¹) HE = 
that whieh goes off. from buining' bodies in the 
e e Be peur b ner p) U 
mr cen, however, mögt cke Gan 'of HEH 
ell göes off in che heated elaſtic fluids, viſible 


tity of raulali beat is Teſs 


: — — all the calorific 
—— ; 


2 
ff, may be Cilled combined ber,) che former is 
Milf much too confiderable to be neglectec. 
6 20 That the heat generated, rat or excited It , by the calo- 
ih, en which proeed from dn bod 
MEL . N | 


and 1— 4p 


60d confidtrable, is evident from the heat:which is 
felt in a room warmed by a: chimney Firt z fer an 
- all the heat, combined with the ſmoke and hot va 
pour, goes up the chimney, it is certain chat the 
| increaſe of heat in the roam, accaſioned by the Fire, 
is entirely owing to the ee eie 
8 de eee Fuel. «4 $1963 % 
Ihe activity of theſe. An de ſhown-in-vas 
_ ious Ways; but in no way in 2 more ſtriking man- 
ner than hy the following fimple; Experiment: 
When ide Fire burds brighu upon the heatth] Jet 
the arm be extended in a {traight line towards the 
center uf the Fire, with: the haml:open, andfall-the 
fingers extended and pointing 40 the: Fire, the 
hand is not. nearer. the Fire than the diſtance of 
two or three yards, except ihe Fire be very: large 


| Indeed; the beat will fearcely;be percrntiblet but = 


if, without moving the arm, the wriſt, be hent up- 
wards ſo as to preſent the inſide or flat of the hand 


perpendicular to the Fire, the heat vill nos dul he 


very ſenſibly felt, but, if the Fire be large and if it 
burns clear and bright, it will be found toi be ſol 
intenſe as to he quite inſupportable 
„R ie not, however, butning bike was thut 
emit culoriße rays. All bodies, thoſe which are 
fixed and ineombuſtible, a well as, ᷑hoſe wuch are 


to throw off theſe rays in great abundance, as: ſoon 
à they are heated to that degree which is neceflary 


inflammgble;—fluids as Well ia ſolida, are found 


Tr r 2 


W {46 eee Mw eee 


medium through which they paſb, it id neceſſary eto 
ane Wöle bodies whiehdre def gel or Itepphg 


7 
. 

2 

3 


—— 
21 Büdies woch - ubinibate hehted to 8 


at athich id necufary to their emitting vibe tight}! | | 
ſenchoff kalorifiertays? iniall- direckons. This is & 


mittertofnfact, which, hagab6en proved by experi; 
ment. Do! al} bodies, at all temperatures free. 
ig mercury as 9 elt Fus anclting iron ecttinually 


emit theſe rays in greater ar A 


greater tr eſs velocities Are ie60led: in 


Winaoedh'may'be-the nature” of the-rays emitted 


by barring Fuel, Asche f their laben priherrier is 


ro generate heat, they ought! certainly to be 


_ particularly! attended! to in every arrangement in- $ 


which the Economy-of Heat, or of Fuel; is a prin- 


cipal object in View. 29! 019 Sch o niht g., 


As cheſe calorific abe heat in the bod? 


by which they are /fopped or aha bund nut in the 


mem in ſuch za manner that they map eafty and 


the body upon whichl it is intended thut ie ſhould? 


8 n ces org n n at Bo wot ot” 


* The cloſed fre- pla 
eq and -: Which will hereafter be more particularly 


72 


eonſequente of their emitting theſe; rays? Do 
theſecatorific rayg always gerirate hear;/evenwliew 
the bbdy, by which :they:are ſtopped? ior Abſur hb 
d hotter than that from which the 'raysdproceeds 
ed?4 But forgetizhat bipromiſed: rot t lν%,jðỹ, 
myſelf in abſtruſe ſpeculation. To returmthen :- 


rmreſſuriiy communicate the heat they th dequire 


/ 


bes Which! bete weesm meld. 
| «delcribed, vill anſwer this ny Cm 9 


— . Dr g. en. 0e Seen 
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Tbe Fire being cloſed i in theſe fire-places, on every 
ſide, as well below the grate as laterally, and in 
| ſhort every where, except where the bottom of the 
boiler preſents itſelf to the Fire, none of theſe rays 
can poſſibly eſcape.; ; and as the materials of which 
the fire-place is conſtructed, (bricks and mortar,) 
are bad conductors of heat, but a ſmall part of the 
heat generated i in the. combuſtion of the Fuel will 
be, abſorbed and tranſmitted by them into the inte- 
riot parts of the wall, there to be diſperſed and 
loſt. But the confining. of heat is a matter of ſuf- 


ficient i importance to pg being: treated i in a ſe- 
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of the Means of conmINING Rar, and vader, 
1N6 1Ts' OPERATIONS. Of Condudtors and Nen- 


: conduttors f Heat. Common Atmoſpheric” Air a 


good Non. conductar of Heut, and may be employed 

_. with great Advantage for confining it —is employed 

by Nature for that Purpoſe," in many Inflances=is | 
Warnth of Natural and 


the principal Cauſe of the 
Artificial Clothing is the ſole Cauſe of the Warmth 


V Double Windows. —Great Utility of | Double 


Windows and Double Walls — they are equally uſe- 
ful in Hot Countries as in Cold. — ALL. ELAasTiC 


, FLvips Non-condudtors of Heat.—STEAM proved 


by Experiment to be a Non. conductor of Heate— - 


FLAKE is alſo a Non-conduftor of 8 8 


E HEAT paſſes more freely. through ſome - 


bodies than through others, is a fact well 


known; but the cauſe, of this difference in the 
| conducting powers of bodies, with * to Heat, 


has not yet been diſcovered. 

The utility of giving a wooden handle to'a tea- 
pot or coffee- pot of metal, or of covering its metallic 
handle with leather, or with wood, is well known: 
But the difference in the conducting powers of va- 
rious bodies with regard to Heat, may be ſhown by 


a great number of very PP experiments CONES 
- £41 os 


* avid #64" Evoniomy"of Fuel ' 0 x1 


v3 are in the power of every one to make at all 
times afid in all places, and amol wiſhoud either 
trouble or expence. 637 1397141 ou 11 | 
Ik̃l an iron nail and a pin of wood, of als fame - 
form and dimenſions, be held ſuccellively in the 
flame of à candle, tlie difference in the conducting 
powers of the metal and of wood will manifeſt it- 
ſelf in a manner in which there will be no room 
left for doubt. As ſoon as the end of the nail, 
which is expoſed in the flame of the candle, begins 
to be heated, the other end of it will grow fo hot aa 
to render it impoſſible to hold it in the hand with- 
dut being burnt; but the wood may be held any 
length of time in the ſame ſituation without the leaſt 
inconvenience ; and, even after it has taken fire, 
it may be held till it is almoſt entirely conſumed ; 
for the uninflamed wood will not grow hot, and, 
till the flame actually comes in contact with the 
fingers, they will not be burnt. Af" a ſmall ſlip or 
tube bf glaſs be held in the flame of the candle in 
the fame manner; the end of the glaſs by which it 
is held will be fond to be more heated than the 
wood, but intomparablyleſai ſu than the pin or nail 
of metal; —and among all the various bodies that 
can be led in this manner, no two of them will 
de found to give a paſſage to Heat through their 
ſubſtances with exactiy che fame i. ge of fac 
12127 A | ranked 
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To ſhow PR relative * power of the different metals, 
Doctor Ingenhouz contrived a very pretty experiment,” He took 
£3 equi 8 
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To confine Heat is nothing more than to prevent, 
its eſcape out of the hot body in which it exiſts, 
and in which it is required to be retained; and this 
can only be done by ſurrounding the hot body by 


ſome covering compoſed. of 2 ſubſtance through a 


which Heat cannot paſs, or through which-at, paſles 
with great difficulty. If a coyering could be found 


perfectly impervious to Heat, there is reaſon to be- 


lieve that a hot body, completely ſurrounded by! its 
would remain Hot for ever; but we are acquainted 
with no ſuch Alten fen Nor is it probable t that any 


5 ſuch exiſts. 67 f 41 Rf 0 N 


IThoſe bodies in iich Hen paſſes / freely or rar 


pidhy, are called Conductor of Heat; thoſe in which | 


it makes its way with great difficulty, or. very flow 


' ly, Nom cunductori, or bad Conduttorg of Heat. The 


epithets, good, bad, indifferent, excellent, &c. are 
applied indifferently to conductors and to e eee 
duct. A good conductor, for inſtance, is is one in 


which Heat paſſes very freely; a good non: con- 
ductor is one in which it paſſes. with great difficulty; 

and an indifferent conductor may likewiſe be called, | 

without any ee an ee dont cn 


ductor. a oy 2169 4 An fir | 5 3 5. bag & wt 1 I 


equal cylinders of the different metals, (being Graight p pieces of  ſlout 
wire, drawn through the fame hole, #nd'of the ſame Jerigth;) büd, 
dipping them into melted wax, covere(l them with a thin coating bf 
the wax. He then held one end of each of theſe cylinders in boiling 
water, and obſerved how far the coating of wax was melted by the 
Heat communicated * che 2 and with what Prey, tp 
| Heat 1 © 
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rather the beſt non-conductors of Heat, are beſt 


S 22 for forming coverings for confining Hear. 
All the metals are remarkably good conductor 
oß Heat; — wood, and in general all light, dry, and 


ſpungy bodies, are non-conductors: Gluſs, though 
a very hard and compact body, is a non conductur. 
Mercury, water, and liquids of all kinds, are con- 
ductors; but air, and in general ten a 
aan eben not excepted, are non-condu tors. 

Some experiments which I have lately made, Ind! 


which have not yet been publiſhed, have induced 


me to ſuſpect, that warer, mercury, and all other 
non-elaſtic- fluids,” do not permit Heat to paſs 


through them from particle to particle, as it un- 
doubtediy paſſes through ſolid bodies, but that 


| their apparent conducting powers depend efſen- . 


tially upon the extreme mobility of their parts; in 

ſhort, that they rather runſport Heat than allow it 
a paſſage. But I will not anticipate a fubje& which 
ph ng oe Mrs nes e e gg 
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The conducting power of any ſolid body in one 


q ſolid maſs, is much greater than that of the fame 
body reduced to a powder, or divided. into many 


ſmaller pieces: An tron bar, or an iron plate, for 


inſtance, is a much better conductor of Heat than 


iron filings; and faw-duſt is a better'rion-coridyftor 


chan wood. Dry wood-aſhes is a better non- con- 


ductor than either; and very dry charcoal reduced 


Male bodite Which ure the worſt cohduétort; or 
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"A e is one of the beſt non · conductor ö 
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able obſtaele to the eſcape of the Heat of the animal 


— 


knows and as charcoal is perfectly incombuſtible 
when confined in a ſpace where :freſh' air can have 
no acceſs, it is admirably well, calculated; for form- 
ing a barrier for confining Heat, where enn to 
be conſined is intenſwe. 
But among all the various ſubſtances a which ; 
coverings. may be formed for confining Heat, none 
can be employed with greater advantage than com- 
mon atmoſphexic air. It is what Nature employs 
for that pupaſez and we cannot do better: than to 
imitate n, wp 0 20 Ae 0 AG 
„The wannth of me wpol and fut of beaſts, and 
of the feathers of birds, is undoubtedly owing to- 
the air in their. interſtices; Which air, being 
ſtronglys attracted by theſe ſubſtances, is con- 
fined, and forms a barrier which not only prevents. 
the cold winds from approaching the body: of the 
animal, but Which * an almoſt inſurmount- 


into the atmoſphere. And in the ſame manner the 
air in ſnow: ſerves to preſerve the Heat of the earth 
in winter. . The warmth of all kinds of artificial 
clothing may be ſhown to depend on the? ſame 
caufe ; and were this circumſtance more generally 
known, and more attended to, very impottant im- 
provements in the Management of Heat could not 
fail to reſult from it. A great part of our lives is 
ſpent in guarding ourſelves againſt che extremes of 
heat and of cold, and in operations in which the 
uſe of Fire i is, indiſpenſable ; and yet how little 
n has been . 1 that moſt weful and 
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| ad important of the nende Management o* | 
Heat! % vs. | 

Double windows have been in uſe many years | 
= * mol of the northern, parts of Europe, and their | 
5 2 warm and ee in winter, is univer- 
ſally acknowledged, —but I have never heard that 
any body has thought of employing them in hot 
countries to, keep their apartments cool in fum- 
mer; yet how eaſy. and natural is this application 
of ſo ſimple and ſo. uſeful. an invention!—If_ a 
double window can prevent the Heat which is in a 


room from paſſing out of it, one would i imagine it | 


could require no great effort of genius to diſcover 
that it would be equally efficacious for preventing 
the Heat without from coming in. But natural as 
this. concluſion may appear, I belieye it has never 
yet. occurred. to any body; at leaſt, I am quite cer- 
tain that I have never ſeen a double window either 


in Italy, or in any other bete have had oe x 


caſion to viſit. 

But the utility of double windows and double 
walls, in hot as well as in cold countries, is a mat- 
ter of ſo much importance that I ſhall take occaſion 
to treat it more fully in another place. In the 
mean time, I ſhall only obſerve here, that it is the 


confined air ſhut. up between the two windows, and 


not the double glaſs plates, that renders the paſſage 
of Heat through them ſo difficult. Were it owing 
to the increaſed thickneſs of the glaſs, a ſingle pane - 
4 eier as thick would anſwer the ſame pur. 

| e ; poſe; 
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poſe but the increaſed thicknels of che glaft er 
which a window is formed, is not found to liave 
any ſenſible effect in rendering a room warmer: 
But air is not only a non· conductor of Heat, but 
its non · conducting power may be greatly inereaſed. 


| To be able to form a, juſt iden of the manner mm 


© which air may be rendered a worſe conduẽtor of 


Heat, or, which is the ſame thing, a better 4 ndfi- | 


conductor of it than it is in its natural unconfined 
fate; it will be neceſſary to conſider he munner in 
which Heat paſſes through air. Now it appears, 

from the reſult of a number of Experiments which 
I made with a view to the inveſtigation of this ſub· 


ject, and which are publiſhed in à Paper read be- 


fore the Royal Society *, that though the particles 
of air, each particle far 2 If, can receive Heat from 


other bodies, or communicate it to them, yet there is 
no communication of, Heat | between one particle" of 
air and another particle off « air. And from hence it 
follows, that though air may, and certainly does; 
carry of Heat, and tranſport it from gs op r 
from one body to another, yet a, maſs 

quieſcent ſtate,” or with all its particles at ret. 
could it remain in this fate, — would be totally im 
pervious to Heat; or ſuch a maſs of ar would bea 
F een ee 


No if Heat paſſes in a maſs of air merely i oon. 


ſequence. of the motion it occaſions in that air, if 
8 is ec nor Wende 7 e n that ld: 
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it zs lear that Whatever can obſtruct and pee 
the internal motion of the air, muſt tend to dim!“ 
aſh its oonducting power: And this 1 have found 
to be the cafe in fact. I found tfrat à certain quan- 
tity of Heat which was able to make its way through 
4 wall; or rather a ſheet of confined air f an inen 
thick in 94 minutes, required 217 minutes to make 
its way through the ſame wall, when the intethal 
motion of chis air was impeded by mixing with it 
A part of eee ee ene ; 
or of fine filk, as ſpun by the worm. 0 
But in mixing bodies with air, in otder' to Ima 
pul: its internal motion, and render it more fit for 
cunfining Heat, ſuch bodies only muſt be choſen 
are theinſelves non conductors of Heat, otherwiſe 


they will do more harm than good, as I have found 


by experience: When, inſtead of making uſe of 
eider-doun, fur, or fine filk; for impeding the inter 
nal motion” of the confined air, I-uſed an equal 
volume of exceedingly fine filver-wite flatted, (be. 
ing the rayellings of gold or ſilver lace, ) the 
of the Heat through the barrier, ſo far from being 
impeded; was remarkably facilitated by this addi- 
tion; the Heat paſſing through this compound of 
air and fine threads of metal much ſooner” than it 
eee be, through the air alone. 
Another eireumſtance to be attended to in the 
3 ſubſtance to be mixed with air, in order 
to form a covering or barrier for confining Heat, is 
tlie fneneſs or ſubtilit) of its parts; for the finer 


. 
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* 
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tion to their ſolidity; and the more will they impede 


the motions of the particles of the air, .. Coarſe, 
haorſe-hair would be found to anſwer much worſe 


tor, this purpoſe than the fine fur of a , beaver, 
though it is not probable that there is any eſſential 
difference in the chywmigal. properties of thoſe two 
kinds of hair. is Rm either pat A 
But it is not only) the fineneſs of the parts of a 


ſubſtance, and its being a non - conductor, which 


render it proper to be employed in the formation 


of covering to confine Heat; - there is ſtill another 


property, more occult, which ſeems to have great 
influence in rendering ſome ſubſtances better fitted 


for this uſe; than others; and this is a certain at · 


traction which ſubſiſts between certain bodies and 
air. The obſtinacy with which air adheres to the 


ine fur of beaſts and to the feathers of birds, is 


well known ; and it may eaſily be proved that this 
attraction muſt aſſiſt very powerfully in preventing 
the motion of the air concealed in the interſtices of 
thaoſe ſubſtances, and conſequently i in n on 
paſſage of Heat through them. 


Perhaps there may be another ill 1 hidden i 


cauſe which renders one ſubſtance better than an- 


other for confining Heat. I have ſhown by a dire 


and unexceptionable Experiment, that Heat can 
-paſs: through the Torricellian vacuum“, though 
e ee more e ee air (the con- 
#4 ron el tuin 2 55 01 0 


Ses * Arperiments on : Heat, publiſhed , in the x Paſir 


e 5 vol. ben. ＋ 6 
een eee off Vive ir Js A 
1875 „ c 


fret 


* 


2 O'S i „ ou. wes 1 r 


= 


enn the Buy of Bet 8 


ducting power of air; being to that of a Torricel. 
lian vacuum as 1000 to G4, or as 10 to 6, very 
nearly); ; but if Heat can paſs here there is no ait; 
it muſt in that caſe paſs by/ar medium more ſubtile 
than air; a medium which moſt probably per. 
vades all ſolid bodies with the greateſt facility, and 
which muſt certainly pervade either the glaſs or the 
mercury, woplayed, In. pod a. Torricellian/ va- 
, Si e 5 
Wow there exiſts) A nog; more ſubtle than 
| air, by which..Heat may be condutted, i is ĩt not po- 
ſible that there may exiſt a certain affinity between 
that medium and ſenſible bodies? a certain attrac- 
tion or cqheſion by means of ich bodies in gene- 
ral, or ſome. kinds of bodies in particular, mays 
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ſome how or other, impede this medium in, its, op- | 


rations in condufting or tranſporting Heat from one 
place to another : It appeared from the reſult of 
ſeveral of my Experiments, of which I have given 
an account in detail in my paper before mentioned, 
publiſhed, in the year 1786 in the L xxvith. Vol. of 
- the Philoſophical Tranfactions, that the conduQing | 
power of a Torricellian vacuum is to that of air at 
604 to 10 but I found by a ſubſequent Ex- 
. (ſee my ſecond Paper on Heat, publiſhed 
the Philoſophical, Tranſactions for the year 
17 55 parts in bulk of air, with 1 part 
of fine raw ſilk, formed a. covering for confining 
Heat, the conducting power of which Was to that 
of air as 576 to 1284; or as 448 to tooo; ., Now, - 


mon the reſult of this W r 


* 
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i ſhould feem that the introduction into the ſpace 
trough which tiie 1 paſſed, of ſo ſmall a quan- 
diry of rw ſilk 28 r part of the volume, or capa- 
eity of that ſpace, rendered that ſpace — now 
contained [Ly parts of air and 1 part of filk more 
-litiperyſous' to Heat than even a Torricellian va- 
cum. The ſilk muft therefore not only have 
5 completely deſtroyed the conducting power of the 
air, but muſt alſo at the ſame time have very ſenſi: 
bly impaired that of the etherial fund which pro- 
bably- — the interſtices of air, ant which 


cerves to conduet Feat through a Tertethar va! 


cuũim: For a Torricellian vacuum was à better 
- e6hduQoF of Heat, than this medium, in the pro- 
portion of 684 to 448, But 1 forbear to enlarg 

vfb this föbfect, being ſenſible of the danger of 
reaſoning u th: properties of 4 thild'whoſe ex. 
ſteric” even is doubtful; and "feeling that our 


32 knbwledge of the nature of Heat, and of the mani: 


ner in which it is commidnicated from Vie body to 


* Holder; is much too imperfect and obſcure to en. 


able dis to purſue theſe ſpeculations with any pro 
ſpect of ſucceſs or advantage. oo . 
Whatever may be 'the nanneß in which Heat 18 
communicated from one body to another, I thitik'it 
has been ſufficiently proved that it paſſes with great 
difficulty through confinled air; and the knowledge 
of this fact is very Paportint; as it enables" us to 

tale our meafures with tertainty and with facility 

for confining $i aprons its 2 
Ne Prey” S- : OH; 
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5 - ut atrabſſiheric air not the only non-conduQor 
of Heat. All kinds of air, artificial as well es na- 


tural, and in general all elaſtic fluids, /taam not ne 


cepted, ſeem to poſleſs this property in as high a de- 


_gree of perfection as atmoſpheric R 
hat ſteam is not a conductor of Heat, I avid | 


by the following Experiment: A large globular 


bottle being provided, of very thin and very tranſ, | 


parent glaſs, with a narrow neck, and its bottom 
drawn inward ſo as to form a hollow hemiſphere 


about 6 inches in diameter; this bottle, which was 
about 8 inches in diameter externally, being filled 


with cold water, was placed in 2 ſhallow. diſh, or 


rather plate; about 10 inches in diameter, with! a 


flat bottom formed of very thin ſheet braſs,, and 
raiſed upon a tripod, and Which contained a ſmall 
quantity (about r of an inch in depth) of water; 


| a ſpirit lamp being then placed under the. middle of 


this plate, in a very few, minutes the water in the 


plate began to boil, and the hollow formed by the 


bottom of the bottle was. filled: with clouds of 9 
which, after circulating in it with, ſurpriſing. ra- 
ꝓidity 4 or 5 minutes, and after forcing out à good 
deal of air from under the bottle, began grad 

to clear up. At the end of 8 or 10 minutes 2 — 


as. I ſuppoſed, the air remaining with the . , 


the hollow cavity formed by the bottom of the 


62 
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bottle, had acquired nearly the ſame temperature 


_ 8. that, of the, fteam) theſe clouds totally diſap- 
peared z. and, though the. water continued to bail 


eee be 15 | 
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low cavity became ſo perfectly imilible, and ſo 
ketle appearance was there of ſteam, that, had it 
not been for the ſtreams of water which were con- 
tinually running down its ſides, I ſhould: almoſt 
have been tempted to Pe: "Age" any n 
was” actually generated. ; 

Upon lifting up for an ae tte of the 
bottle, and letting in à ſmaller quantity of cold 
-.MF; the clouds inſtantly teturned, and continued 

circulating ſeveral minutes with great rapidity, and 

then gradually difippeared'as' before. This Expe- 


-  Timent was repeated ſeveral times, and always with 


' the fame reſult; the ſteam always becoming viſible 
when cold air was mixed with it, and afterwards: 


tecovering its tranſparency when, part of this air 
8 being expelled, that which remained _w oequired 


the temperature of the ſteam. r MK 7 
Finding that cold air introduced unde the bottle 
cauſed the ſteam to be partially condenſed, and 
clouds to be formed, I was deſirous of ſeeing what 
viſible effects would be produced by introducing a 
cold folid body under the bottle. I imagined that 
if ſteam was a conductor of Heat, ſome part of they. 
Heat in the ſteam paſſing out of it into the cold: 
body, clouds would of courſe be formed; but T 
thought if ſteam was a nor- conductur of Heat, — 
tat is to ſay, if one particle of ſteam could not com- 
municate any part of its Heat to its neighbouring par 


37 ticles, in that caſe, as the cold body could only 


affect the particles of ſteam actually in contact᷑ with 
. no cloud would appear; and the refült of the 


ann e Reni f f,, 63 
Experiment ſhowed that beim d m Kt 2 non con- 
duftor of Heat; for, notwithſtanding th cold Bod V 
uſed in this Experiment was very karge and very 
cold, being a ſolid lump of ice nearly as large as 
an hen's egg; placed in the middle of the hollow 
cavity under the Bottle, upon à mall tripod or 
ſtand made of iron wire; yet as ſoon as the clouds 
which were formed in conſequence of the HAND 
| able introduction of cold air in lifiing up tlie Bottle 
to introduce the ice, were diflipated, which” {bon 
happened, the ſteam became ſo perfectly tranſpatent 
and" inviſible, that not the fmalleſ? appearance of. 
cloudineſs was to be ſeen any where, not even about 
the ice, which, as it went on to melt, appeatet'as 
| jonny das: wage wy 06) GE fineſt Tock 
cryſtal. - 1 i 101 81 $7 þ 
* This experiment; which Thirſt 1 at Florence, 
in the--month* of November 1793, was repeated 
ſeveral times in the preſence of Lord Palmerſton 
* Was _ at Florence, 78 Monſ. de Fontana *. 
Mi A ene Anion Bo oft is ud tn 
„ eee uſe of in this ate ak though” it appeared 
very large externally, contained but n very {all quantity of water, | 
owing to its bottom being very much drawn inwards. As the hol- 
low tavity under the bottom of the bottle (which, as I juſt obſerved, 
was nearly in the form of a hemiſphere,' and 6 inches in diameter) 
ſerved. as a receiver fot confining the ſteam, which roſt from the 
boiling water in the plate, it may perhaps be-imagioed. that a cymmon 
glaſs receiver ip the form of a bell, ſuch as are uſed in Pneumatical 
Experiments, might anſwer as well aa this haltle; L taought ſo my - 
ſelf, but upon making the experiment I found my wiſſake. A 
common receiver will anſwer perſectiy well for confining the ſteam. 
but the glaſs ſoon-becomes ſo hot that the drops of nter which are 
formed upon its internal ſurface, in conſequence of the condenſation | 
Nn, inſtead of . down te ſides of the receiver in cler 
tranſ- 


* 
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5 | the.air was not entirely ar 
pelled from under the, bottle ; on; the contrary, a 
conſiderable quantity of it remained mixed with 


-  In.theſs Exper 


the ſteam even after the clouds had totally diſap- 


peared, as I found by a parzicular Experiment 
made with a view to aſcertain that fact; but that 


circumſtance does not render the reſult of this Ex- 
* curious, on the contrary I think it 
tends to make it more furpriſing. It ſhould ſeem 
that neither the maſs 1 of air, were 


at. all cooled by the body of ice which they ſur- 
unded, for if the air had been cooled, (in maſa,) 


it ſeems highly probable | that the Gogds world have 


returned. | 
4. Thereſults by? theſe Experiments compared with | 
| thoſe formerly alluded to, in which I had endea- - 


voured to aſcertain, the moſt advantageous forms 


for: boilers, opened to me an egtirely new field for 3 

and for improvement in the Manage- 
ment of Fire. They ſhowed me that not only co dd ; 
air, but alſo hot air, and hot ſteam, and hot mix- - 
tures of air and ſteam, are non-· conductor: 7 
Heat; Dai that the hot 'yapoyr which; 
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qrnaſparent frewns, * blotches and e ben which render the glas 


' ſo opaque that nothing can be ſeen diſtinctly through it; and this of 


courſe completely ſruſtrates the main deſign of the Experiment ; but 


cold water in the bottle keeping the glals cool, the condenſation of 


 - 


the ſteam upon the fides of - the hollow cavity formed" by the bottom = 


of the Bottle; goes on mort regularly, and the ſtreams of water Which 


are continually running down the Ades of the glaſs; unitivy together, 


form one tranſparent ſheet of water, by which meant every thing "that 


bees in onder the bottle may be diftiaAly ow; Mal aer 
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res rom burning Fu, and eve the Jae n 
i @ non- conductor of Heat. _ | 

This may be thought a bold afſertion, but a little | 
calm reflection, and a careful examination of the 9 
phenomena which attend the combuſtion of Fuel, Wo. 
and the communication of Heat by flame, will ſhow. 
it to be well; founded; and the advantages hi 
maybe. derived from the knowledge of this fa 
are of very great importance indeed. But this 
3 EY eee | 
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0 the Male * which Aire i4\ 08h 9th 
e AED by FLAME fot} Bide mo FIahe welt th 
Bomili in vhe ſame fu. as of Bat und. L. Te 
Effect A Blno- pipe 9 hcAtn/tig 184" Hi of 
Flame explained, and illuſtrated by Experiments.— 
A Knowledge of the Manner in which Heat is 


communicated by Flame neceſſary in order to deter- 


mine the moſt advantageous Forms for Boilers.— 
General Principles on which Boiler of all Dimen- 
fins ought be TIO: | 


1* FLAME be merely vapour, or a mixture of. 


air and ſteam heated red-hot, as air and ſteam 
are both non-conduRors of heat, there ſeems to be 
no difficulty in conceiving that Flame may, not- 
: withſtanding i its great degree of heat, ſtill retain the 


properties of its component fluids, and remain a2 


non-conduftor of heat. The non- conducting power 
of air does not appear to be at all impaired, by be- 
ing heated to the temperature of boiling water; 
and I ſee no reaſon why that property in air, or in 


any other elaſtic fluid, ſhould be impaired by any 


augmentation of temperature however great. If 
ſteam, or if ait, at the temperature of 212 degrees 
of Fahrenheit v therniometer, be à non · conductor 
| 8 7 | 4172 of 


* 


/ 


and (he. Hamam & uf 6 
of heat, why ſhquld jt-pot. remary, a, non. fr 
at. that of 3009 ,degreesy. or when heared, red-hot. 3 
I confeſs. I. d not g w a body TM be deprived = 
of a praperty ſo eſſentigl. without being at the Hm 
time totally changed: and + beligye.,nobady Wall 


imagine that either air or ſteam woderge Wy, hs 


migal change merely by heing hratad 10 the Sm 


theft geaſoninge, howeyer rongluyg L may think 
wem I ball endeavoys:'to ſhow, Ffm, SPT NN 

daud pferymtion, to henne chat Flame is in 
fact a nan-condyftgr of. heat, 01 THT; 136% 9 
i Taking it for granteg, haf I impgine will n, 
_—— —  — ———— IL; ORC, 


leaſt än the ſenſg Fhays uſed thas pppellation, I ihall - 


endeavour 10 hay that Flame acte preciſely in the 
ſane wander AB, 4 hot wind would do, in ;commyrt 
| nicatipg heat, And in no orher Ay ji and 1 I ſue 
coed in this, L fancy Ama conſider dhe ropoſitian 
0 ſufhciently; 
ot The! effect af a Elaſt of cold ala ãn cooling any 
hotcliedy exposed 30 it is well known, and the 
cauſes of this aeg may eaſily he traced Gt 
of hot ; for ifitho; particles af, cl At in v 
Litke n hot body; en’,, xjth perfect fariluy, give 


t v3 ng: bormineenttos - - - 


de heat thayianquite from de hüt body dd oer 


_ partiches df air by, qvbich, they n immediate 7 

furrDunded, anubashefa again totnthers, nud ſoon, 

the heat would be carried off .ds t ins ue l un, 

bud part with it, and any 3 | 
12 8 


% 


68 Of the Manay 5 x 97 "hr, | 
Sb dne Rt, ahn wid, or blaft, Gould not ſeafibly 
fatilicate or taſter che cgohng of che body , and 


by 4 pafityiof Feafoting it may be ſhownz that if 


Ffittie were in fact a perfect conductor of heat] any 


cold böbdy Plunged into it would always be heated 
21% r Body cvulll receive heut; and TEther 
any meticn ef the niternal pafts of the Flame nö 


5 1 ty With s 4 5 | it impii Jas iy ſt the cod | 


theve 
body, toilld have any ſenſible clfect either to tht! 


hate of accelerate the Heating of the body. But if 


Flattie be A noflioonductor of heat, itz action Will be 


exactly ſimilar to that of 4 höt wind, and cbnſe! 
quently mück Will depend upon the mafiner in 
Which it 1s Capped to any body intended td. be 


lleated by jt=Thoſe particles f it only which ard 


in actun! contact Witt tlie body Wilt communicate 
"Heat to it; and tlie greater the number bf dfferent 
particles of the Hlme which are brought inte 6611 , 


tact wiln nt, he gfekter will be Hie e dantity of heat 
communicated : Hence the importance of :eauling 
| n Ainſt the bod to 
de heated, at(#'t fri 
Great may be broken, and'thitWhirtpools' maybe 
tohtiediriry; for the rapid motion of ache Thame 
baſes a quick fueeeſſion bf hot paftidles; andudmnie 
mig oui aſſumed principles to be true / it is quitslew 
Uuent that ereryhkind of internal mmtion among the 


Particles ofi the Flame by: which it can be aged, 


 amuſti tend yeryipowerfully td decelerate the cm- 
dmünichtion of the heät. d, wad ode 


2 ,j,⁊ os To gion vn bog n Wr rink Ve 


on 1. | 4 7 I 


-v 


ke it in ſuch d anne Matt 


„The _ of a angler! is well 1 op 1 
do-not. think that the. manner: in Which it increa 97 32 
the « action of Flane, has « ever been fatigaQorily e; 
plained:, It has .generally been, üg, f. b 
Jieve, that the current of freſh air which. is 9555 
through the Flame by a deere increaſes 
| quantity, of heat; I rather ſuppoſe It does little 
more than direct the heat actually Kili in the 
lens m9 u given. point, - \ current. off air cannot 
 8Fnerate, heat, without, at fame time being de. 
compoſed ; and in order to its being .decompoſed 
in a fire, it muſt be brought into al contact 
With the burning Fuel, or at leaſt with tlie uni | 
flamed inſlammable vapour which; riſes: from ĩt a 
But can it be ſuppoſed that there can be any 5 | 
inflammable, and .not., aQually inflamed, in the 
Clear, bright, and perfectly tranſparent, Flame of a 
war candle }—A blow-pipe has howeyer as ſenſihle 
am effect, 0 directed againſt the: clean Flame of a 
Fax, candle, as when. it is employed to increaſe the 
action cf g common: glass: worker g Enge 
+ Congeixing that ze. diſcovery af the | manner in 
.which/ the current, of air from a blow-pipe ſeryes to 
_ Inereaſerahe intenſity; of the action of the Flamg, 
chuld not. fail: to throw much light upon the ſub- 
jeſt under conſideration, —namely,;1the, inveſtiga- 
Hon: of: the manner in, which heat is communicated 
o bodies by Flame, I made the following Expe- 
e of which Lecnceive to be de- 
ive, 5 We vr; | 3 0 Bon 21 ar 199 
wel! | . Concluding 


— 


7⁰ n — 


Conchäding that the Cürkent of 4 1 8 Bow 
pipe, ge HE the Platte ou 
body, could tend t6 ihcfeae the" W. er of 
Action of the Fitnit only iti one or both of _— 
iht, Hallie; by e 
Bach zit nich it is directed; or oy 
Tictedfing die Tian, of heat — — 
Edmbullidh of the Fuel; eee to ile 
BY Which I thodght it poffible c deterininit, BY Ac 
5 Erperntcht, 10 wich or Wide Cafes thi c 
queſtion is Giving, ot How much each cr them 
nifight contribute to it. 10 d6 this 1 filled & Erg 
Malder, c above u gallen, with Frbd Af, 
Which, as is well Kn win, 18 tötally unfit for = 
porting the combuſtion of inAattiticable Bodies, ind 
Which, of Guile, could not be füfpeSted of g 
Any dert fo 4 Hattte agtiiift Wpiefr a Cent G 
ole be UiteHed ; 1 ringed therefore _ | 
dtow-ph bop vi cid ar, Oh ny 4 — Y 
| e Flame of a candle, Sud Ge found 
© produce n&Wly tiie Tart * det a8 ren comme 
Kür is uſed Tot the Time pitrpofe, it would Uh 
2 demonſtration chat the attginentaflon has. 
of the aD, or AcH VIH ff the Fame which 
tiles froth die de of A blow:pipe, "is 6wing t6'the 
Agitation of the Flame, bo ifs being dkrected t/a 
point, — to the irtipetu6lith” with which it is made 
to ſtrike aguitift the bedy uicht is heated by dt, a- 
Aud to the rapid fubceſnen of fret particles ef this 
ot 1 and not to * poſitive increaſe of our. 
is A blow- 


and the: Ran N e 8 


Able pipe being attached to the bladger con- 
taining Sed air, the end of this pipe Was directed 
ta the clear brilliant flame. of a wax canfile; which 
kad juſk been fauffed.; and, by compreing e 
bladder, the Flame vas projefted' agrinſt a n 
tube of ' glaſs, Wha. Was ner: oa male an 
and oven melted. 

Having repeated. this ks i 
| and having fawad how lang it required z t the = 
kpbe. hep the Fame ef he candle was fproad | 
againſt it b; a blaſt of , air, I now. varied the 
onpatiment, py making wie of common ammolpheric 
airatinſtead of fixed air; taking care to emaploy-the 
ame candle, and the rſameplow-pipe uſed in the fr. 
mer Ssherimentg, and evan. making uſe of he 

bladder, in rder that 4be parimems being en. 
Alx ſinflar, and differing ouly in che kinds af air 
mage ſe af, che affect of chat ee 
| diſcovered and eſtimated; 
r Abe ehe of theſe experiinents wave mel per- 
ſebdiy concluſive; and proved dn a decifive man- 
'  arr,;:thatzhe effect of a-blow-pipe, auen. applied to 

adltur flame, :arifes-not from any real augmdntation 
of beat, but merely from the ĩnareaſad activity of 
She Flame, in xconfequance of its being impelled 
with arge, and brdken in æddies on the ſurface f 
ab<&:bndytagainkt which: it is: made to att ; the effet 
af ithe blaw-pipe iin ubeſe experiments heing o all 
Appearanee.quitcias great when fired air was made 
we::of; (which ould n inereaſe the I 


TT nur hana. 4 
But 
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But nt the determination of this qveftion 


relative to the manner in whieh Flame communicates 
heat, to be a matter of much importance, I did 
not reſt my inquiries here: I repeated the expe- 


rinlents very. often, and varied them in- à great 


 umber of different ways; ſometimes making uſe 
of fixed air; ſometimes of atmoſpheric air; and 
at dther ner -uſing dephlogiſticated air; and 

common air rendered unfit for the ſupport of ani- 
mal life and of combuſtion, W Aa candle in 
it till de cle went out. = 6 ME 

"Ie would take up too ets As to give an ac- 


count in detail of all theſe experiments ; T'ſhall | 


therefore content myſelf with merely ob 


that they all tended to ſhow that the effect of K 
| blow, pipe aſed in the manner here deſeribtd, is owing 
to the direction and velocity it gives to the Flame | 


againſt which it is end, on not to any'real 


; increaſe of heat. wy 715 3 1013 OUR). 


It muſt be Renke eib the prhehab objea 


I had in view in theſe experiments was to diſcover - 
the manner in-which Flame communicates: Heat to 
other bodies, and by what means that communi- 
cation may be facilitated. Were it required to in- 
creaſe the intenſity of the heat by-b/owing the fire, the 


current of air muſt be applied in ſuch ea manner as 


to ee combuſtion! ;/ it muſt be directed to 


the inflamed:ſurface of the burning Fuel, and: not 
to the red-hot vapour ar flame which riſea nom it, 


and in which the combuſtibh is moſt prbbabiß 


already quite complete; aud in this caſe there zib 
„ 13 2 0 


ern rr 


= % Aa 


wy 6 


— 2 — my 


pay 


and the "Economy-'of R 73 
nd doubt but the effect produced by blowing would 
depend much upon the quality of 1 ne 
det gs Li o cli 10 eur 

- The weſults of "the Foregoinynerintenty with 
the e will, I am confident, be thought 
quite conchuiſive'by thoſe bo vill take the trouble 

45 conſidet them attentively, — and the advantaget 
that may be derived from the knowledge of the 
fact eſtabliſhed by them are very obvious. If Flame, 

or the hot vapour which riſes from burning bodies, 
be a non- conductot of heat; — and if, in order to 
communicate its heat to any other body, it be no- 
ceſſury that its particles individually be brought into 
actual contact with that body; it is evident that 
the form of a boiler, and of its fire place, muſt: be 
matters of much importance; and that hat form 
muſt be moſt advantageous, which is beſt calculated 
to produce an internal motion in the Flame, and to 
bring alternately as many of its particles as poſſible 
into contact with the body which is to be heated by 
it. The boiler muſt not only have as large a ſur- 


face as poſſible, but it muſt be of ſuch a form as - 


_ to cauſe the Flame which embraces it—to impinge 
_ againſt it with force—to break againſt it—and to 
play over its ſurface in eddies and whirlpools. 


It is therefore againſt the bottom of a boiler, and 
not againſt its ſides, that the principal efforts of the 
Flame muſt be directed; for when the Flame, or hot 
vapour, is permitted to riſe freely by the vertical 
ſides of a boiler, it flides over its ſurface very ra- 
pidly, and there ng no obſtacle i in the way to 

break 
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nnn ett bhi 
quietly an Ie a ſtream of ater in a fmoath canal; 
and the ſame hot particles of this vapour which 
happen to be in immediate contact with the fides of 
the boiler at its hottem or lower extremity, being 
- continually preſſed againſt the ſurface of the boiler © 

as they are forced upwards by the riſing current, 
prevent other hot particles from approaching the 
boiler; ſo that by far the greataſt part of the heat 
in che Flame and hot vapour which riſe from the 
Fire, inſtead of entering the bailer, goes aff into 
- The amount af this loſs af heat, ariſing from 


the faulty canſtruction of 'bailers and their fire- 


plaves, May be, eſtimated from the reſults uf the 


Experiments recurded in the following Chapter. 
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irh this hw Biiler:=20f the Advantage ms | 
ANTS Emmy 7 il in ling Thquide, 
hich ar her from performing that Proceſs vn u 
urge Schl. Thee Advantages are Mme. 
An Acebunt bf an iteration which *ns made in 
"he new Breu bote " Boiler, uirb u vieto "th 46 
. SAVING OF Tin in cauſing its Contents to Boll. 
| —Experiments ſhowing the 'Efe&s prottuted by 
© theſe Alterations. — An Eftimate of the RELATIVE 
_QuantiTIES or HEAT Producible from Cu xs. 
\ PiT-COAL—CHARCOAL, and OAK. -A Me- 
. " thid of eſtimating the Sabi of Vir vobich 
 2oould be necelſary to perform 5 bo the Proveſſes 
|" mentioned in this Eſſay, in whi "Was felt 
as Tuel.— An Eftimate of the Total Quant 


is 'of Heat "produtible In the Combmſtion dif- 
" fore Kinds of Fuel; n 'real e 
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Heat bib are loft, under various Ci Wenn ances, 


in culinary Proceſſes. 


Wer has been ſaid in the foregoing Chapter 
will, I truſt; be ſufficient to give my reader 


a clear and a idea of * ſubject under con- 


2 


8 — * to. ee without | 


the ſmalleſt  difficulty,: every thing 1 have to. add 
on this ſubject; and particularly to diſcover, the 
different objects I had in view in the Experiments 
of which 1 am nq about to, give. an account, and 
to judge with facility and certainty of the conglu- 


ions 1 have draun from their reſults . 


' Theſe Experiments, though they occupy ſo many 
pages in this Eflay,, are but a ſmall part of thoſe I 


have made, and cauſed to MAE under my di- 


rection, on the ſubject of Heat, during the laſt 


ſeven years. Were I to publiſh them all, with all 
their details as by are recorded in the regiſter that 


has been kept of Ws: they would fill n 


volumes. CN 
It was moſt fortunate for me, that t this re ter is 


very yoluminous ; for had i it not been ſo, He 
in all probability have taken i it with me to England 
laſt, year, and j that caſe 1 Thould have loRt, it, 

with the reſt o my papers, in the trunk of. which 


1 was. robbed. in paſſing through St. Paul's Church- 
yard, on my arrival 1 in London alter an N of | 


Foy IRON 
+I evening reaſons te isl that Pb aun are gin in being — 
Ni 


why an everlaſting. obligation ſhould I be under to the | who 
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- a1 farefow, when I firſt 


my i inquiries 


make many Experiments on bolling Liquids, to- 
facilitate the regiltering of them Eformed a Table, 
(which I had printed, ) in which,: under varichs 
heads, every lircümſtance relative to any common 
Experiment of the kind in queſtion could be en- 
tered with much regularity, : and with little trouble. 
As this Table may be uſeful/to-mhers who may 
be engaged in firpilar purſuits, and as the publiſh- 
ing of it wilkalſo,tend to give. my reader a more 
perfect idea ef the manner in which my Experi- 
metits were condyQed, I ſhall (as an example) give 
an account of one Experiment. in the ſame form in 
| which ic was regiſtered n © ie of theſe. printed 
Theſe Tables; as they are pri ra for (oe 


reſpeQing Heat, chat I ſhould have occaſion Ns 
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n ig evident that theſe” 


| — in this Table; except ſuch, figures 
and words” as” are printed between crochets, - 


i contained in the” printed forms: Hence it is 
evident how) much theſe Tables tend to diminith 
the trouble of regilteting" the reſults of Exper- 
menus ef this kind, and alſo to prevent miſtakes; / 

The'exaniple I have here given is an account of 


un Experiment) in which à very large quantity of 


water, qual to K 5, 590 be” Acces in weight, 
or 1866 wine gallons of 2 r cubic inches each; but 
bles anfwer equally well | 
44 the fmall quantity contained | dy che ſmalleſt 
Ucepart 
"Tn hg the barometer i is expreſſed uren 
incher; that of the thermometer in 


| Pahrertheft' ſcale.— The other meaſures, as 4 


of length ag-of capacity, are the common meaſures 


df the” "cquntry (Bavaria); and the weight 4 is ex- 


in Bavarian pounds, of which” 100 make 
133.8 4 ths. Avoirdupois. 8 W | TS R. 
© What, 7 is entered under the head of Ginga 


, Resvirs ar THE EXPERIMENT, requires no ex- 


lanation; ; but what I. have called the Pascu 
— muſt de eplaled - 7 

ig frequent occaſion to' compare the +eſitis < 

rimehrs made at erent times And in dif- 

fn feafotis of the year, a the temperature of the 


Water ty the Boller bett the fre is lighted under it 
s feldem the fame in any two Experiments, and as 


the prin heat varies with the variations of the 
the atmoſphere, of of the height of the 
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aa ae /barometer, it became neceflary to 
wake, pzpper, allowances for, theſe differences, This 
 Lrhought could. beſt be done by determining, by 
_ computation, from the number of degrees the 
Water was actually, beated, and the, quanzity af Fuel 
conſumed in heating, it chat number, gf degrees, 
how. my Fuel would have been: required to have 
mp d 180 degrees, or fromthe point of freezing 
eee Vater {the boiling point being 
the temperature indicated. by. 212} 
i 5 8 115 22 ene, 8 
int under the mean preſſure o the z 
at ws ſurface of the 10205 n by. ee = 
t. of the water uſed. in 1900 Exp c Fee * 
be . in pounds,) by the, weigh 
reſſed in pounds neceſſary to h — jp * — 


4 


or from. th ie temperature of de to, that, of ; 
Vater; this gives dle number . F 5 ounds 0 

ice-cold water which (a accor, g. to! reſult of. the 
given Experiment), might have been — to boil.— 
with the heat generated in the A of A bb. 


of the Fuel, under the mean preſſure of the „ 


 molphexe a at the leyel of the ſurface of the fea. 
The city of Munich, where al all the, | 
were made of which I am about to She an account, 
being ſituated almoſt in the centre of Germany, 
lies very bigh above tl e. | level of the ſea, The | 
mean, height of the mercury in the, barometer is. - 
only about 28 Engliſh inches, conſequently 1 water 


11 1 


boils at Munich 2 at a lower temperature „than at 
| Londo "ny * N e is | too, e 


29 


A ebe Bae i * Br 


tobe nicklofied; it amounts to. 23 degrees of Fah- 
renheit's ſcale being 2091 degrees at a medium 
at Munich, and 242 degrees in all places ſituated 
near the level of the ſea. To render the reſults of 
my experiments and computations more ſimple and 
more generally uſeful, e ee 
allowance for this difference. . 
Having, from the actual reſult of each Experi- 
ment, made a computation on the principles here 
deſcribed, ſhowing what (for the want of a better 
expreſſion) I have called the Preciſe Reſult of the 
Experiment, it is evident that theſe computations 
ſhow very accurately the comparative merit of the 
mechanical arrangements, and the management of 
the Fire in conducting the Experiments, in as far 
as relates to the Economy of Fuel; for the more 
Wee ee eee the 


| heat, generated in the combuſtion of any given 
quantity (1 lb. for inſtance) of Fuel, the more 


perfect of courſe (other things being equal) muſt 
be the conſtruction of the fire · place. ; 
Under the head of -Prectse 1 1 have 
ſometimes, added another computation, ſhowing 
how much boiling-hot water might, according to 
| the reſult of the given Experiment, be kept boiling, 
"one hour” with the heat generated in the combuſ- 
tion of . x lb. of the Fuel.” Though I have called 
this a Preciſe Reſult, it is evident that in moſt caſes 


it cannot be conſidered as being very exact, owing 


to the difficulty of eſtimating the quantity of Fuel. 
in the SOS, which is unconſumed at the moment 
when the water begins to boil, 
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| heat expended in keeping the water boiling is fur- 


2 given numbets to-the four I mentioned in the Firſt 
Chapter of this ee rg 
ones een h, 02 


i 


6 in making this com» 


putation I ſuppoſed that, when the water began to 


boil, there was wood enough in the fire-place- Ute 
tonſumed to keep the water boiling 43 minutes, 
and tliat the wood added afterwards (100 lb.) kept 


the water boiling the nn fene i 


ed, or juſt 2 hours. * n 

In moſt caſes, however, to 1150 trouble fivabak- 
ing theſe computations, I have ſuppoſed that all 
the wood employed in making the water bbit is en- 
tirely conſumed in that proceſs, and! that all the 


niſhed by the Fuel which is added after the wwaver 


had begun to boil. This ſuppoſition is evidently 


erroneous ; but as the computation i in queſtion can 
at beſt give but an inaccurate and d6ubtful reſult, 


labour beſtowed on it would be thrown away: 
* But imperfect as theſe rough eſtimates are, they 


will however in many. caſes be found uſeful.” 
In giving an aeceunt of the following Experi- 


ments, I ſhall not place them exaRtly inthe order in 
which they were made, but ſhall arrange them in 
ſuch a manner as I ſhall think beſt, in order tliat 
che information derired from their reſules may 
ben in a clear Point of vie. . inne 


For greater convenience in referring to them, 
I ſhall number them all; ts © have alecty 
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"The firſt Kitchen, of the Houſe of Induflry at 
Munich has already been deſcribed in the Firſt 


Chapter of this Eflay ; and it was there mentioned, 
| that; the daily expence of Fuel, in that kitchen, 


when, fagd (peas, ſoup) was prepared for 1000: per: 
ſons, amounted to 309 lb. in weight of dry beech- 


wood. Now as each portion of ſoup conſiſted of 


Dh, this gives o. 3 of à pound of wank een 


CIO 1 en e er elit, 
j F eitel Thi "0+ «> fy "v7 


„Eee Noa 6 1 og 
Aue firſt kitchen of the Houſe of dale 3 | 


l it was afterwards rebuilt on 


x different principle. - Inſtead of Copper Boilers, 
Iren Boilers of a hemiſpherical form were nOW 
uſed, and each of theſe Boilers had its On ſe 

Hlofed fire-place.” The Boiler being fulpended by _ 
its rim in the brick- work, and Yoon being left for 
the feine 10 play alf round it helſdke went 
off into the chimney by an horizbrtal canal; 5 
inches wide and 5 inches high, which wits Co- 
dealed in the mafs N anf which oper 
ed into the fire. place on the fide '6þpblite tothe | 


opening by whith'the Fuel was incivithiced;" 4 
5 Ide Pire was malle on a flat iron 


grate placed 
ty under the Boiler, and Aiſtant from its Bot- 

om about 12 inches. The aſh-pit door was für- 
en niſned 
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3 niſhed -with a regiſter ; but there was no damper 
to the canal by which the ſmoke went off into the 
| chimney, which was a very great defect. The 


g into the fire-place was cloſed by an iron 


door. Each of theſe Iron Boilers weighed about 


148 Ibs. Avoirdupois, was 251 Engliſh inches in 
diameter, and 14.93 5 inches deep, and contained 
190 f Ibs. Bavarian weight of water, equal to 


235 f lbs. aceerunek, or. about "op bog 
dire zeln. 


e bee er Um . 


Iron Boilers were fitted up, it is evident that the 


arrangement was not eſſentially different from that 
of kitchens for. hoſpitals, | as ey are commonly 
conſtructed. * N 

From Experiments made with care, and ofien re- 


peated, I found that to prepare 89 portions (or 


89 lbs. Bavarian weight) of peas-ſoup in one of 
theſe Boilers, 43 Ibs. of dry beech-wood were re- 
quired as Fuel, and that the proceſs laſted four 


hours and an half: This gives 0.483 of a pound 
of wood for each pound of the ſoup. | 


FFP 


2090 pow: of wgod was required to prepare 
11 


of ſoup: Hence it appears that the kitchen 


had not been improved,—conſidered, with 2 view 


to the Economy of Fuel, —by the alterations which 


| had been made in it. This Was, hat I expected; 


r. the apr 5. bad. .n view. conſtructing this 
f was not to fave. Fuel, but fag. out 


how gc of 1 It is valtedin = Ons wee 


Gags gar a SR TN 


8 on a * ſcale in 
hoſpitals and other inſtitutions of public charity. 
Till I knew this, it was not in my power to eſtimate, - 
with any degree of preciſion, the advantages of any 
improvements I might introduce 1 17 cor 0 
of kitchen fire · places. 1 DOTS (rt mig | A lex | 
Io determine in how far the e ee Fuel 
neceſſary in any given culinary proceſs depends on 
the form of the ire-place, (the Boiler and every 
other cireumſtance remaining the ſame;) X: _ : 
ihe NT as. N aigilg 832 


8 110 cl r 


1 44 | | ef - — . . # * 
„ln. 7 78 


e No. 7 and do. 1 


N 


"Iwo of the 1 Boilers i in aa ide 10 
Houſe of Induſtry (which, as they were both caft 
from. the ſame model, were as near alike : as Aint 
being choſen for this Experiment, one 
(No. 8.) being taken out of the Dae, its 
fire· place was altered and fitted up anew on it 
proved principles. The grate was made circular 
and concave, and its diameter was reduced to 12 
inches; the fire-place was made cylindrical above 
the grate, and only 12 inches in diameter; and 
the Boiler being ſeated on the top of the wall of 
this cylindrical fire-place, the flame paſſing through 
a ſmall opening on pne ſide of the fire- place, at the 
tqop of it, made one complete turn about the Boiler 
before it was permitted to go off into the canal by 
| wine the ſmoke paſſed off into the chimney. | 
1255 0 3 _ 


bs | ie  Managenient 3 Fire, 
' Though” there was no damper in this: canal, 
yer as Its entrance or opening, where it joined the 
cand?'which went round the Boiler, was cofiſiller- 
ly reduced in ſize, this anſwered (though iin- 
| SER) che purpete of a damper. This fire- 
place being completed, and a ſmall Fire having 
bech kept up in it for ſeveral days to dry the ma- 
ny, hel Experiment was made. by preparing the 
nr 

in u neighbouring Boilet whoſe ewe, had. R 
been altered. Andi oli 

The food cooked in each was 89 w. of Peas- 
| ſoup; ; and the 3 was e finiſhed 


th hl dr h "a be- 
e ry = ** bl Pan. ore L 13 xy be | 
6, Poles were both kept, conftantly covered 


oy 1 th Rn eir double covers, extept 'only wren the 


Soup was ſtirred about to prevent its burning 0 


| the bottoms of the Boilers. 2055 
The reſuſt of this 88 Experiment an as 
Hollow 7, 5 92 1 
. 5 Experiment 88 
n p No. 7. No. 8. 
* 0-2 ſ at, Ws > Bbſlar | 
5 / l fer} the e | 
3 Menden þ proved Fire- 
bo | Tins, © 
R — (—’—— — — 
; Greg . in 75 HY. 2 | 
89 lbs. Bavarian weight olf 8 
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and the Teonony -of Fuel. 87 
Theſe Experiments were made on the 7th of 
November · 1794. On repeating them the next 
day with pine · wood, which had not been previouſly 
e Mn e 5 \b7 
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The art remark That make on the refs of 
theſe Experiments is the proof they afford, by com. 
paring them with that which preceded them 
(No. 6. ), of the important fact, that pine-wood af- 
fords more heat i in its combuſtion than beech. This 
fact is the more extraordinary, as it is directly con- 
trary to the opinion generally entertained on that 
ſudjekt; and it is the more important, as the price 
of pitie-wood i is, in moſt places, only about half as 
high as that of beech, when the — El 
by weight, are equal. 

In the Experiment No. 6. it was. found, that 
43 b. of BY beech-wood were neceſſary, when uſed | 
as Fuel, to prepare 89 lbs. of Peas-foup.” In the 

| t No. 7. the fame proceſs was per- 
formed with 37 Ib. and in the Experiment No. 9. 
64 with 
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with 8 But I ſhall have occaſion 
to treat this ſubje& more at length in another place. 
In the mean time I would, however, juſt obſerve, 


that all my Experiments have uniformly tended, to 
confirm the fact, that dry pine-wood affords more 


heat in combuſtion than dry beech. I have reaſon 
to think the difference is in fact greater than the 


| ts before us indicate ; but the apparent 
amount of it will always depend in a great meaſure 


on the circumſtances under which the Fuel is con- 


| ſumed ; or, in other words, on the conſtruction of 


* 


the fire- place; and it is no ſmall advantage attend- 


ing the Wertes ſhall recommend, that they are 
ſo contrived as to increaſe, as much as it is poſſible, 
the ſuperiority of the moſt-common and cheapeſt 
fire · wood over chat which is more ſcarce and 
coſt] "<> Ta Wa 

Bye comparing the reſults of theſe two ſets of Ex. 
- periments (No. 7 and No. 8, No. 9 and No. 10.) 
an eſtimate maybe made of the advantage of uſing 
very dry wood. for Fuel, inſtead of making uſe of 
wood that has been leſs thoroughly dried; but as I 


mean to take an oppottunity of inveſtigating that | 


matter alſo, more carefully hereafter, I ſhall not at 


preſent. enlarge on it farther than juſt to obſerve, 
that as the wood, which was dried in an oven, was Ep 


weighed for uſe after it had been dried, and. as it 
certainly weighed more before it was put into the 


. oven, the real ſaving arifing from uſing it in this 


dried ſtate is not ſo great as the diſerence in the 
8922 of wood uſed in the two 
Expe- 


as wt. rr, 


wt” yg. 


9 
a Io eſtimate that ſaving with preci- 
ſion, — 5 
or in the ſame ſtate in which / the other parcel of 
"_ which is uſed — ns er 
| © Buto proceed N 1 bad ia 
n Experiments—the determination · of 


the effects of the difference in the eonſtruction of 
the? two fire. places; — the difference in the quantity 
of Fuel experided in the two fire- places in per- 
forming the fame proces, | ' ſhows, in a manner 
which does not ſtand in need of any iltuſtrarion, 
how much had been gained by the improventietit 
vr had been introduced: 2 
Conceiving it to be an oben i great import: 
ance to aſcertain by actual experiment, and with as 
much precifion as poſſible, the real amount of the 
advantages, in regard to the Economy of Fuel, that 
may be derived from improvements in the forms of 
fire-places, I did not content myſelf with improv- 
ing from time to time the kitchens I had con- 
ſtructed, but I took pains to determine how much 
I had gained: by each alteration that was made. 
This was neceſſary, not only to furniſh myſelf with 
more forcible arguments to induce others to adopt 
my improvements, but alſo to ſatisfy myſelf with 
regard to the progreſs I made in my inveſtigations. 
In the firſt arrangement of the kitchen of the 
Military Academy, the Boilers were ſuſpended by 
ther rims in the neee in Ar a manner that 


the 


. 


&@ ale Neuen: g Fre, 


| the flame, Could paſs freely:all rougd them, and the 


fnbke-went off in horizontal. canak which led to 


te chimney, but which were not e * 


dampers, „ 216010137 


The Fire was made on a flat . r | 


and the internal diametex of the fire-place was 2 or 

3 inches larger than the diameter of. the Boiler 
A hich belonged to it. The bottom of the Boiler 
was from 6 to 10, or 12 inches (according to its 


ſize) above the level of the, grate; and the door af 


the opening into the fire: place, by which the Fuel 
was introduced, | was Kept conſtantiy cloſed. The 
| aſt-it door was furniſhed: with a regiſter, and the 
Boilers were all furniſhed with double covers. 


Haring, in conſequence of the progreſs. I had 


made in my inquiries reſpecting the Management of 
Heat, and the Economy of Fuel, come to a reſolu- 


* tion to pull down this kitchen, and rebuild it on an 


improved principle; previous to its being demo- 


Iiſhed, I made ſeveral very accurate Experiments to | 
determine the rea] ;expence, of Fuel in the fire- 


places as they then exited, with all their faults; and 
when the new. arrangement of the 8 wWas 
completed, I repeated theſe Experiments with the 


ſame Bailers and by comparing the reſults of theſe 


two ſets of Experiments, I was able to 
 vith great preciſion; the real amount of the ſaving 
of time as well as of Fuel, — which were ered 
from the improvements I had introduced. 
After all that has been aid (and perhaps already 


too often repeated i in different parts of this Eſſay) 


* WE on 


on the conſtruction of fire plates, my reader will 
be able to form a clear and juſt idea of the conſtruc- 
tion of thoſe uf which I am now ſpeaking, (thoſe of 
the kitchen of the Military Academy, in its preſent 
improved: ſtate,), when he is told that the Fire 
burns on a circular concave iton grate, about half 
the diameter of the tircular Boiler which belongs:tp 
the fire hae that the fire: place, properly foi call- 
ed, isa cylindrical cavity in che ſolid brick-wark 
which ſuppcirts the Boiler; etzual in diameter to,che 
circular grate, and from ſix to ten inches; high, 
more. or leſs actording to the ſire of the Boller; 
that the — down oh the top of alia; ala | 
cular wall which forms this fixe-place,a ſmall open- 
ing, from three to four or five inches in length 
taken horizontally, and about two or three inches 
high, being left on one ſide of this at the-top 
of it, that the flame which burns up under the 
middle of the bottom of the Boiler may afterwards 
paſs round (in a ſpiral canal Cendltected for that 
purpoſe) under that part of the bottom of the 
Boller which lies vir hour the top of the wall of the 
fire- place on which the Boiler repoſes. The flame 
having trade one complete turn nner the Boiler in 
this ſpiral canal, it riſes upwartls, and going gnce 
round the ſides of the Boiler, goes off by an hori- 
æzontal canal, furniſhed with a damper, into the 
In order that the top of the circular wall of the 
nne on which the e's is ſeated, may not 
cover, 


rn, 
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5 Sbyer- tb much of the bottom of the Boiler, its f 
thickneſs is ſuddenhy reduced in that part (that is 
to ſay, juſt where it touches the mes): to about 
half an inch. ate Cin A os 5 
The opening by which 'the'Fiet 1 introduced * 
kb iche fire· place, is a conical hole in a piece ot Y 
MreEſtone, which hole is cloſed by a fit ſtopper made Ti 
of the fame kind of ſtone. © The afh-pit door and T_T 
its regiſter are finiſned with ſo much nicety, that Ti 
When they are quite cloſed the Fire aimalt inſtan- | 
tmeouſly goes ut... | 
A dimenſions! of the Boller, in which the-Ez- Ti 
Periments of whic eee mee W 
ee waer wen 261 Lo nV il = 
1 res 5 „ n ci | 
{4 Ke *: 14:93 ; 
i# Depth fr: s SL. 135 Ya i mg Ice 
* At bn qu auc Bog int br e, 9 3 | | 
| It weighs 37 Ibs. Avoirdupois 3. and,git! e ontains, Ba 
4 when. quite full, about  73.1bs. Avoirdupois, iy A 
, 40 82, gallons (wine-meaſure).of water. | 


a - 


+. In two,Experiments with this Boiler, which were 


„ -- 


4 both made by myſelf, and in which attention was 

! | paid; to- every. circumſtance that could tend to ren- 

| 1 them Fee ee were WB] Ba 8 7145 
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Quantity of water in the Boiler, | n 
in Bavarian pounds 4363 lbs. 43.63 Ibs. 
Temperature o the water in the | © R 
Boiler at the beginning. of 2 
the Experiment - 3 ©2608 60 


Time employed in making the | . 288 
water boil —— 67 min. 30 min. 

Wood conſumed i in making. the 4 4. 22 ” 
water boil, in Bavarian pounds | 9 lbs. 3 bbs. . 


Th tha water continue A. e ene 

2 hrs. 2 min. | 3 hours” 

con OW; | — Abe. ' 

© Preciſe Refulte, f | 

Ice-cold water heated 180 de- le 3 
grees, or made to boil, wah e 
1 1b. of wo 4-02 lbs. | 11.93 lbs. P 


Boiling: bot water kept boiling 3 2 
* with's Th. dates - | 17.741bs. | $52.36 lbs. 


* * 1 0 41 * N q 
* * * 
" * 
— M « 
4 4 — 4 * = 
— 
* * 
1 hes, & 4 

* * — — *. — 

: 

1 4 

* a i - 
- 
s « 7 
. ! 1 vo * * 
2 0 
1 - 15 * 4 * 
„ 
- 1 1 o on * 
— . 1 MJ 1.4 * 11 1 5 
* * * 1 - * - 
I 
—- 


94 5 0 the Management of Fire, 


The following Experiments were made with two 
Copper Boilers, (No: x and No. a.) nearly of the 
fame dimenſions, in the kitchen of the Military 
Academy at Munich, in the preſent improved ſtate. 
of that kitchen. Theſe Bollers are round and deep, 
and weigh each about 62 1bs. Avoirdupois. They 
belonged originally to the kitchen of the Houſe of 
Induſtry, being two of the eight Boilers which, in 
the firſt arrangement of that Kitchen, were heated 
by the ſame Fire. 
Their exa& dimenſions, meaſured in Engliſh 
inches, (are a8 follows: 1 295 


„ 3 Tue Boiler 


. No. 1. * No. 2. 6 
115 ö — N — — 
laches. Inches. 
abore— 22.66 22.66 


Diameter — — | 19-82 "Is 20.89 
N n 1. 1 n 2 


At dhe . of each of "E following Ex. 
periments, each of theſe Boilers contained juſt 95 
- meaſures (or Bavarian maaſſe) of water, weighing 
18 lbs. Bavarian weight, (equal to 238.58 lbs. 
Avoirdupois,) or a trifle leſs than 28 gallons. | 
The grate on which the Fire was made under 
each of theſe Boilers is circular and concave, and 
11 inches in diameter; and their fire-places are in 
all reſpects ſimilar to that juſt deſcribed (Experi- 
ment No. 11.) . Both Boilers are furniſhed with 
28 covers. | 
The 
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and the Economy G Fuel. 
The Experiments made with the Boiler No. 1. 


_ 


oh 


and Om a were as follows: 
83 Experimer t 
28 No. 13. | No. 4. No. 15. | No. 16. 
vanti of ee 16 = IL 1 
Wn Baue in the : | 
beginoing of the Ex- |. ibs. bs. Ibs. Ibs. 
— - - 187 .187 187 187 
emperature of cha N 4 ö \ 
water in the Boiler * | | 
a = beginning of | an E = 3 
e Experiment 10 39 '| 846 [5s 
Time employed in 1 5 Tag 35 
making the water | min, min, min. min. 
doi 78 61 61 {| 62 
Wood conſumed in 2 4 
making the water | bs. lbs. | bs. bbs. 
boil ” =a4o, - ,-< 12 | od ; 9 8 
Time the water con- min. min. min. | h. min. 
- tinued to boi! 17 28 6 [727 1 
ity of Fuel add- | 1 BE 
d to kesp it boil- / 4 | : 1 
this time — — —— 4 
Kind of wood uſed as c 
Fuel 221 Beech | Beech Pine | Pi 
ra Refalts 7 the 
Experiments, b 3 7 
Ice-cold water heated | 4 
180% or made to | 3 
boil, with the heat N 
generated in the“ . 
combaſtion of 11b. | lbs. lbs. lbs. - | ths... 
of the Fuel 12.89 14.18 16.89 20 
Boiling water kept in S $63 bort doi 
boiling one hour, | 1 Tr 
with the heat gene- [ OT, 
rated in the combuſ- ag T 48 2 
tion of 1 Ib. of the S ith 
gn Ry Lf an [oo abs 
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All the foregoing Experiments were made on 


the ſame day, (the 13th of October 1794,) and in 4 
the ſame order in which they are numbered. | 
pry The following are the reſults if the Experiments 7 
| made with the Boiler No. „ 7 . 
' 1 im. Ex | . 
No. 17+ | No. 18. No. 19. No. 20. | No. 21. I 
2 1 in zhe * n | 7 
iler at the beginning Fr | | | fi 
of the Experiment, in | Ihs. | , || Ie. | Ihe, | tbe. 
Bavarian pounds 137 187 187 | 187 187 d 
Temperature of the wa- < is. | : 
beginning of the Ex: 53 n 
0 - Sw. 
—— — 610 58⁰ 609 $5® O ' 2129 Ny 
Time employed in mak- min. | — min. 7 ES t\ 
E WA — N — 
ing the water boil — 11 * 9 82 * 
Time the water continu- | min. min. min... | h. min. | h. min. IS 
<1 to boil — 2t | 27 8 | 2 29 1 10 R 
Wood added to keep the lb. be. bs. 18 
; fe pt co. ey — Beech Berch Pine pine | nent br 
Preciſe Reſults. „ 0 
Ice-cold water heated 8 5 as 
- 180%, or made to boil, | Ibs. bs. TRY OD © SOOT th 
with 1 b. of wood — 13.92 | 1433 | 1.59 | 20.10 — 
| Boiling-hot- water kept | 1 | fa 
C boiling one hour with  :-\xB4: ih Ibs. * 
14 I Ib, of wood — — — — | 232-63 {| M4544 | 
fb | wh 
ny | This ſet of =: ARR was nite at the fame | tul 
4 time with the foregoing ſet, namely, on. the r3th ro 
17 October 1794, and they were made in the order in | 
i4 which they are here regiſtered. In the laſt but the 
(4 one, (No.-20.) the Economy of Fuel in the proceſs the 
8 of heating water was carried farther than in any aty 
#1 other Experiment I have ever made. bat 
N A 6 | In thr 
0 | 
| 1 a . ' . 1 I. 
5 
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r 
a 


eee 90 


ip che toning ene which were made 
| in, a. large Copper fitted up. on my moſt im. 
2 belonging to the kite hen of the 


Hauſe of. Induſtry, nene 


died nearly,as-fats.. 

i This, Boller, whicls is e M Ah Engliſh 
inches ia, diameter above; 4a. 17 inches in: dia- 
meter below; and 18.54 inches deep kn weigh 
7: Ibs. n ants contaius, when quite 
full, 714 lbs. Nauarian weight ( 834 Ibo. Avoir- 
dupois, qr 106 gallons): WON Aa 1 
tire off, , 9 


Ade fandontlacceabone: by ee 1g about | 


vwd inches inthickneſs, into wich id is fitted; and 
ini thiti ring, in a groe about I of an inch deep, 


is fitted a circular wooden flat coven; this cover 
is formed. in three pieces, united by iron hinges; 


_and one of cheſe. pieces being faſtened down by 
hooks to the Boiler, the other two are ſo contrivec᷑ 
a8 to be folded back upon it occaſionally. From 
he upper ſurface of the part of the cover which. is 
faſtened down. on the Boiler, à tin tube two inches. 
in diameter, furniſhed' with a damper; is fixed, by 
which the ſteam is carried off into a narrow wooden 
tube, which conducts it through an opening in the 
roof of the houſe into. che open air. | 
To prevent ſtill more effectually the = of 
the heat through the wooden cover of the Boiler, 
the upper ſurface of it is protected from the cold 
atmoſphere by a thick circular blanket covered on 


thrown aver it. 
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Though the diameter of this Boiler below is 
more than 40 inches, the diameter of 1 its fire · place 
(which is juſt under its center) is only'11 inches; 
but as the flame makes tuo complete turns under 
the bottom of the Boiler in a ſpiral canal, and one 

turn round it, the time required to heat it is not ſo 
great as, from the —_— of its replays might 
have been expected. 14 

It has ever been, and r to be; the 
decided favourite of the cbok. maidſes. 
The wood ufed as Fuel i m the following. Experi- 
ment was pine moderately dried. The billets were ſix 
inches long, and from one to two inches in diameter. 
Ihe following Table ſhows: the reſults of five 

Experiments that were made with this Boiler by 

n u ha it was fitted e e ei 


No. 22. | No. 23- | Nos, 
— 5 


: ; | ALLIES 
ntity of water in the 4-440 As rel 
ler, in Bavarian | bbs. lbs. | 
— 
Temperature of the wa- | 

ter at the beginning oll 

the Experiment — | 48 | 480 | 
Tinſe required to make | h. min.] min. h. min. 


the water boil, '— — | 2 4 Sr 1 1 
Fuel employed to make bs. 8 Ibs. 
the water bol —— | 244 —» 81 | 124 2 24 
Time the water conti- | h.. | h. ** 
Fuel added to keep the lbs. n 4-427 AT oF N 
ee e en Gl 
PurcisE RrsUf Ts of 2 1 * 

the Experiments with 102 ip. rr 3308 

the heat generated « ws! 

the combuſtion of 1 7-4: eq. 

of the Fuel. 'S wa 25 1 lle 


Ice· cold water heated . bbs. | Ibs. bs. | Ibs. 4. . bs. 
- 2809, or made to boil - 18.87 12 6 1 

Or boiling hot water | | | 
kept boiling one hour | 236.61 — 1 — 1338.66 — 
9671 „ Without 


r 


Dm. g. 20 


* 


ih 


—— - 


ite ins dine arches; | 
_ the{reſuks of theſe Experiments, (though: they 


afford matter for ſeveral of an intereſting nature,) 
I ſhall proceed to give @ {brief account of [anbther 


ſet of Experiments; on a much larger ſcale, which 


_ were made in the Copper "_ of 2 Brewery be- 
_ longing to the Elector. überm 
This Boiler, which is dagen is ten feet 


long, eight feet wide, and four feet deep, Bavarian | 


meaſare:*,.and contains 3 munſſe, or 
meaſures, equal to 1865 wine meaſure. 


On examining this Bailer;1 found i ins fire · place was: 


conſtructeili en very bad principles; and on in- 
quiry reſpecting the quantity of fire wudd co 


ſumed in t, I found the waſte of e be very 


great. , ich. = F * A AM PEI v3 4 1 OM te £3 57587? | 


This Brewery is aſe. for making {mall white 


vol (as from its: pale colour it is called, ): rom 
malt made of wheat; and as it is worked all the 
year round, the expence of Fuel was very great, 
and the economy a tar bel conſiderable 
importance. 34-9616) ein en 
The af dre, Bond (rite) that had at an 


average been conſumed daily in this Brewery Was 


rather more than four Bavarian clafters; or 'cords.' 
On altering the fire-place of this Brewery; and pùt- 
ing a (wooden) eover tothe Foil 4 aud . 
expence to leſs than 1 claſters. A 0 4:5 
In the new fire- place which 1 cauſed. to be ein- 


ſtruRted for this Boiler, the cinemas nee 5 


= K 
— | 1 2 | | 18 


e f e Manngemit of Fire 


Aided bud three floesbythimbrickftvallswlikch 
rum in thec direction: of the Iengtll of the Boiler. 
The middie fur which is twice as wide asrohe of 
the. lide. fluesʒ i ĩs ocoupied/by the burning Fuel, and! 
is:furmſhed with a grate”: 20 inches wide and 36 
inches: lang4 arid thE-dpening by dich: the: Fuel 
is introduced into the fire place is eliſed bytwo iron 
doots,placed, ofie-betiind the ther, at the diſtande 
c eight inches The grate, whichvieplabddiat the! 
litheFend:of the fire-place; is horizobnd, and ĩt ĩs 
ſitnatedi about twenty inchet᷑ below theobottomrof 
the:Boildr 5 Th air which ſerves to fpeibthe Fire, 
5 1 grave e "> wg che 
aſhepit door 27 THMIELD 90 wig tig 
1 Wheh dle Sbible doors which: Cloſe chb en-! 
trance into the fire- place are ſhut, the flame of the: 
burning Fuel firſt᷑ riſes perpendioutarty againſt the 
bottom af the Boiler it then paſſes along to the 
farther end of che (middle) fluep whidh obnſtit tes 
the fire: place; wherd it ſeparates, aid beturns in 
| thietwbilfide fluet; id then r̃iſes up:timorwo! horis 
- zontal flues (one ſituated over the other wh¶Nh go: 
alk round thb Boiler q and having niade che” Qr- 
quit of the Boiler, it goed off into ſeparate- i 


(Kurniſhed wirt dampers) Mito: the ehiney- 
Though the Figures 1 and 189 Plate Ei. are as? 


'— 3 


— 
— 5 * 
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drawings from the fire-Plaer I an now Uefcribing 4 
but of another which L ftiall ſoon have! oH,˖)ͤnppͤ = 1 
deferibe; yei an inſpectioꝝ of thefs: e 4 
found uſcful in forining an. idea of 1 
on ee fire · place * ee : KF 


a the Botany. ff — e391 
And on phat; acgougs all nally acer 40 


them. Ter, 2: 
The ming Rua being configs wien na. 
e wolli ſupplich with freſn aixʒ — 
and being ſurrouiuled on all :ſides by Thinwalls of 
brick, (which are non-conduuttars; ) he hegt of che 
tre is moſt intenſe, and the combuſtion pf the 
Fuel of courſe very complete. Thesflame, high 
is clear and vivid in the highaſt degree, e and per-, 
fectly unmixed with ſmeke, runs ftapidlo along 
che bottom of che Boiler, (chich forms: sher f f 
the flues,) and from the. refiſtanee it; meets: ih iin 
its paſſage, grom friction, ard; from the number f 
turns it is abliged to. make, t. ĩs thrown; into, ianu- 
merable eddies and whir]pools, bed ea Ae 
5 a moſt entertaining ſpectgcle. 51 gn 

That might be ahlegtocnjoy at any. eaſe this 

amuling ſight, L cauſed aglas window to; bee 
in the front wall of the-fire-place, through gehigh 
-I<quld-lpak. into the Fire when the; fire-place gore 
wereiſhut; and'I was well paid for: the trouble and 
0 the trifling.expence Hhad in getting)it,exequted. ., 

Same may.be:tempted-t0:fumile at what they 384y | 
think a , chaldiſh; irvention'; but there are mpRgy 
others, Lam confident, and among. theſe. nn 
grave philbſophers, Wh WpuId have been gay 
glad to have ſſiared myamuſemen, », 

The window of which 1 any ſpeaking is cirgylar, - 
and. only ſix inches in diameter; but as the hole in 
athe wall is conical, and much larger Within than 


3 field of this window (if, P may, uſe the 
H3, expreſſion) 


„ N thi" Mailagement'of Fire, 


eke) is uſlciently large 10-afford a good t 


ver of what paſſes in the fire- place. 
This conical hole is repreſented in the Figures 
428 15 by dotted lines. It. is ſituated on the 
left hand of he entrünce into the fireplace. Into 
the opening of the hole im the wall, on the outſide 
of it; is fixed a ſhort tube of copper, (about fox 
mehes in diameter, and ifour inches long,) and in 
| "_ tube another ſhort nb able tube is fitted, one 


end of which is cloſed by the circular plate of glaſs 


hielte Eönſtitutes the window. As the wall of the 

0 fre- place in front is thick, this pane of glaſs is at a 

conſiderable diſtance from the burning Fuel, and as 

there is no draft through the hole im the Dos 4 
- glaſs*does not grow very hot. 1 255 


J have been the more particular in my deſcription 


of this little invention; as think it may be uſeful : 
There are many caſes in which it would be very 


adlvantageous to kilow *exatly what is going on in 


à cloſed fire: place; ; and this never can he known 
by opening the door; for the inſtagt the door is 
opened, the cold air rüſbüng with impetuoſity into 
the fireplace; deranges-entirely the whole economy 
"of the Fire: Beſides this, it is frequently very diſ- 
advantageous to the proceſs! which is going on, to 
 ! oft the door of a fire- place; and it is Aways at- 
tended with a certain loſs of heat, and 58 ao 
mould as much ap poſſible be avoided.” 
I intimated'that the window I have dan deferib- 
ing afforded me amuſement; - it did ſtill more,—it 
aforded me much uſeful information ;—it' gave me 
45 Be Ack 5 1 an 
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and the Econgmy Fuel. 10g 


an opportunity of obſerving the various internal mo- 


tions into which flame may, by proper manage- 
ment of the machinery of a fire · place, be thrown ; 
and of eſtimating, with ſome degree of prectfion, 
their different effects. In ſhort, it made me better 
acquainted with the. ſubject which had ſo long 


engaged my attention (Fire) ;—and with regard 
to that ſubject, nothing ſurely that is new can be 
.unintereſting. But to return to the Brewery: To 
the top of the Boiler was. fitted a curb of oak tim- 
ber: The four ſtrait beams of which this curb was 
conſtruQed are each about 7 inches thick, and 1 5 


inches wide; and the upper part df the Boiler is 


faſtened by large copper nails to the inſide of the 
ſquare frame formed by theſe four beams. From 
the top of this curb is raiſed a wooden building, 

| like che roof of a houſe with a double ſlant or bevel, 
which ſerves as a cover to the Boiler, This build- 
ing, the ſides of which are about three feet high 


inwards, and the top of which is covered in by a- 


'very flat roof, flanting on every ſide from the 
centre,—is conſtructed of a light frame-work of 
timber, (four- inch deal joiſts,) which is covered 
within as well as without with thin deal boards, 
which are rabbetted into each other at their edges, 
to render the cover which this little edifice forms 
for the Boiler as tight as poſſible. 


From the top of this cover, an open wooden 


* (m. Fig. 17.) about ra inches in diameter, 


riſes up perpendicularly, and going through the 


| og gi ee, ends ja the open. als This 


H Ie tube, 


0 opa. dne, uf Five, 


ttibe, which ie -fornithed with x wooden den per 
intendet 10 curry thefteam, - 21 1 £091 
On the ſide of this eover next n miſhingutab, 
as Alſo on that oppoſite: toit, by wich the wort 
runs off into the coolers, there are large folding 
wooden doors, (i and &, Fig. 15.) which are o 
ſioonally liſted up by means of ropes which paſs over 
Pullies faſtened to the ceiling of the-Brewhoule. « , 
There are likewiſe 'two / glifs windows (ſee 
Fig. y.) in two oppoſite ſides of the cover, 
through which, as ſoen as in conſequenee of che 
dbiling of the lquid' the ſteam becomes tranſparent 
and invj/ible, (which happens in a very few minutes 
after: the liquid has begun to böil,) dhe contents of | 
the Boiler may be-diffin&ly ſeen and examined. 
Whenever there is occaſton during the boiling. to 
open either a door or a window of the cover, it is 
neceſſary to begin by opening the damper of the 
'ſteam-chimney, otherwiſe the hot ſteam, rufing 
Hut with violence, would expoſe the byftantlers 
to the danger of being ſcalded; but Wen the 
damper of the ſteam-chimney i is open, no ſteam 
comes into the Brewhouſe, though a door or. win- 
dow of the cover be wide open. e 
Another fimilar” precazition i is fometimes mee. 
ſary in opening the door of the fire- place, Which it 
may be uſeful to mention. When tlie dampers in 
the canals by which / che moke goes ff into the 
chimney are nearly cloſed, (which miiſt-Frequently 
be done to confine und: ecomomiſe/the! hat,) af, 
- "vithoutaleting the damper, er the regiſier-in"the | 
aſh- 
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aſhqit door, the-fire-plaze deve betfadkdentyiojen- 
ed, it will frequently:happenithavſmoke, and ſorie- 


times iflame, will-ruſtr out tif the fire: place bycthis 
paſſage. This accident may ibe eaſily and effect- 


ually: prevented, either by opening the damper, or 
by cloſingithe negiſter of the-aſhpit door, thel mo- 


ment before the fireplace door is Spend. This 
precaution ſhould be attended to in all fire- places 
of all dimenſions, r on the r er 1 


have recommended. 


470 


| To economiſe the time we the patience” &f 5 


reader as far as it is poſlible, without ſuppreſfin 15 
und 


any thing eſſential relating to the ſubjett 
conſideration, I ſhall give him, in a, very, all 


compaſs, the general reſults of a ſet of Expeti- 
ments which coſt me more labour (or at leaſt more 


time) than it would coſt him to read alli the Eſſays 


have ever written. I believe I am ſometimes. to 


prolix for the taſte of the age, — but it ſhould be 
remembered that the ſubjects I have undertaken to 
inveſtigate are by no means indifferent to me 3 
that I conceive them to be intimately connefted 
with the comforts and enjoyments of mankjnd3 — = 


and that a habit of revolving them in my mind, 


and reflefting on their extenſive uſefulneſs, has 


awakened my enthuſſaſm, and rendered it quite 
impoſſible for me to treat them with cold indif- 


ference, however indifferent or tirefome they 2 y 


appear to thoſe who have not e 
view them 1 in the ſame er 1 
1 ls 
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ef ue Management of Fire, 
hare already giveh an account, in all its va- 


And enn, of ane Experiment which was made, 


(on the 1 5th of April 1595, with the Boiler we 
have juſt been deſcribing (ſee page 78). I ſhall now 
recapitulate the general reſults of that Experiment, 
and compare them with the mean reſults of two 


Sans like — made with the ſame Boiler. 


\ 


| Quantity of water in „ Boiler 


Tem re of the water in the 
Boiler at the beginning 17 = 
ment 


| Time required to make the water 
. to naks the water 


I the water continued b boil- 
Furl added w keep. the water 
Kind of 
5 Pazcisz Rrsvrrs of the 


uel uſed 


3 


Experiments. 
ntity of ice-cold water which 


p might be heated 180*, or made 


' to-boil; with the beat ene - 


+” Tated in the combuſtion o 155. 


* 
WW ' -w 


of the Fuel 


. reſult of the Experiment, ice- 
cold warer might (at Munich) 


| be made to boil with the given 


tion of Fuel - > „ 


Quantity of * boiling-hot waer 


kept boiling one eur with the 
heat generated in the com- 
beten of i lb. of the Fuel 


— 
- * - 


; on in which, according to the 


Experiment iment 
No. 27. tp 0. 28. 
12,508 Ibs. 3p 4 12,508 Ibs. 
6 & $45 1 
e 
3 h. 40 min. 3 h. 48 min. 
2300 bo. 825 lbs. 
- | 2h, 43 min — 
lr b 
5 100 lbs. > Wes 
| Pine-wood | Pine-wood 
FFF 
12.06 1bs; | 12.70 lbs 
4h. 20 min 4 h. 20 min. 
4 339.80 lbs * 


V 
1 
t 
2 
2 
1 
1 
C 
r 
0 


* 
- 
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On comparing the reſults of theſe | 
with thoſe made in the Boilers of the kitchens of 
the Houſe of Induſtry and Military Academy, I 
was led to imagine that either the Boiler, or the 
fire · place of the Brewery, or both, were capable 
of great improvement; for in ſome of the Experi- 
ments with theſe ſmall kitchen Boilers, the Eco- 
nomy of Fuel had been carried ſo far, that witn 
the heat generated in the combuſtion of I lb. of 
pine-wood, it appeared that 20 lbs. of ice-cold 
water might have been made to boil; —but here, 
 thougtethe machinery was on a ſcale ſo much larger, 
(and I had concluded, too raſhly indeed, as will be 
ſhown hereafter, that the larger the Boiler the 
greater is of courſe the Economy of Fuel,) the 
reſults of theſe Experiments indicated, that not 
quite 1 3 Ibs. of ice-cold water could have been 
made to boil with the heat furniſhed in the com- 
buſtion of 1 lb. of the wood. 

The Experiments, No. 2a, No. 25, nod No. 26, 
which were made with the laxgeſt of my kitchen 
Boilers, had, it is true, afforded grounds to ſuſpe& 
that, beyond certain limits, an increaſe of ſize in 
2 Boiler does not tend to diminiſh the expence of 
Fuel in the proceſs of heating water; yet, as all | 
my other Experiments had tended to em me 
in the opinion I had, at an early period, imbibed on 
that ſubject, I was diſpoſed to ſuſpect any other 
cauſe than the true one of having been inſtru- 


mental in producing the 2 appearances I 
- obſerved, _ 


1 
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; Lonias.niich difappaitited, 1: confeſs,.:at» finding 
thatithe-Btcwhouſc-Builer,, , notwithſtanding alli the 
pains:I.had. taken to fit up its fire. place in 1he;moſt 
' perfe& manner, and notwithſtanding its enanmaus 
dimenſions, when compared ith the Boilers Ihad 
hitherto uſed in my Experiments, ſo far from an- 
fwering my expectations; actually required conſi- 
derably mere Fuel, in proportion to ats contents, 
chan another Boiler fitted up on the ſame prin- 
ciples, which was not one ftieth part of its ſize. 


This unexpected reſult puzzled me ;—and 1 


muſt own that it vexed me, though-I ought per- 
haps to be aſhamed of my weakneſs ;—but- it did 


not diſcourage me. Finding on examining the 


Boiler, that its bottom Was very thick, compared 


with the thickneſs of the ſheet: copper of which my 
Kitchen Boilers were conſtructed, it ocdurrei to 


me that poflibly ht might be the cauſe, or at leaſt 
ene of the cauſes, which had made the conſumption 


of Fuel ſo much greater than 1 expected and as 
there was another Brewhouſe in -the- reighbour- 
hood belonging to the Elector, which, luckily for 
me, ſtood in need of a new Boiler, J availed my- 
Yelf of that opportunity to, make an Apen 
chich- Hot only. decided” the po int in-queſtiqn, - 


Alfo "eltabliſhed a new fat with regard t hae ; 


hich! ] conceive to be of eonliderahle importance. 

Paving obtained the Elector- 8 pebmiſfen to ar- 
; ge the ſecond Brewhouſe is 1 ſhould think | belt, 
| Fang thee to ſpare” no pains to render” Pit” a8 per- 


fect, as poſſible in all reſpects, and particularly” in 


every 
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tally on the top ws the man Birk Halls by which 


au abe Beonomy''of fue rog 


every thitig*relatirtg tothe Economy” of Buck: ' Ag 
mi brewing, il!the mainer! that buſinefs is-carritd 
on in Bavaria νπre tlic ble: protoſd i ĩn as fur as 


Fire iv eniploped in ir, is bepyarith finiſhed: in the 
courſe uf à day, the S] of mme, in heatitig this 
water uni Boiling the wort, is an object of alinoſb 
ab muchl importante ab that of economizing Fuel, 
am eonfequetitly demanded particular attentibn. 
1: Theomedng! I uſed fbr chivatulinmalootiberk” 
tlleſe objects with be evident from the fullowing de: 
foription of the Boiler ank its fire-place;;rikack-I 
gniſed to be!;conftratted) and vflichi are tepres 
fented im all tileii details in the Hates HI, IV and M. 
This Boildr is v2 (Havariin) feet long, ro! feet 
wide, and onty*a-feet; deepo The ſtiket copper of 
which mad onbombwnty thin for æ Boller 
of ſuch! large diinenſions ) being at a medium leſs 
carl one vf un ng hb aach i thickneſs. This 
Bbiler, help Aniſhad)/ weighed no more) than 
674 bb. BWW)a A weight equi ro: S bi bs. Aoirs 
apo exaufve of 6 Abo- of copper halls ulbd'in 
fretting Ut hoets of copper tögethe .. 
The top of the Boiler fürtdUHtͤid by A ſteht 


carb (a, % Pig: Ly.) of bat timer; ts Wii it is 


Atchad by e e e 
ir btilf & 10of, of ſtanliftig ver,” (er ig: 7. 
fimillar meal elbe ts that UPbidy deftrwed ne 
Bötegter ö the Boller is fat, Ad repoR# Horikbin 


=P flee . Meld leck mich Rue. (See g. 18.)— 
fer dl lib? run b tile TRAY 1 
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of thd Boiler, but from one fide; of ir 10 the 
other; — conſequently the door of the bent is 
in the middle of one ſide of the Boiler. 

The ſheets of e | of which the bottdm of 
the” Bailer was Wed run in 'the direttion 
of the Hues; and they are juſt ſo wide that their 
ſeams or-joinings (where they are united to each 
other by their ſides) repoſe on the walls of the flues, 
except. only in the middle flue, which, being about 
twicg as wide as the others, one ſeam was neceſſarily 
leſt unfupported, at ſeaſt a conſiderable part of its 
length. The ſheets of copper uſed in conſtructing 
this part of the bottom of the Boiler are rather 
thicker and ſtronger than the reſt: They are "= 
0.118 of an Engliſh'inch in thickneſs. 

Th be Fire is made under this Boiler in the middle 

flue, which, as I have juſt obſerved, is a little more 
than twice as wide an one of the other flues. There 
are five flues under the Boiler; namely, one in the 
middle 44 inches wide, above, in the clear, (which 


conſtitutes the fire-place,)—and tuo on each fide 


of it, in which the flame circulates; one 20 inches 
wide, and the other 19 inches ws. c 


The ſide flues are each 144 inches Jeep z—bur a as 


5 che walls which ſeparate them are much; thicker | 


below. than above, where the bottom of the Boiler 
repoſes on them, the width of theſe ſlues below is 
only 13 inches. The walls of theſe en 
by dotted lines in Fig. 17. 

The walls which ſeparate the flues 40 nat run 
9 ſide N to the other; an 


opening 
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opening being left at one end of each of them 
equal to the Midth of one of the narrow flues for 


the paſſage of the flame from one flue into another, 
without its' going from under the Boiler. 


be Fire being made (on a eircular grate) in the 
middle flue (ſee Fig. 18.), tlie flame paſſes on in 


this flue to its farther end, and then, dividing to SEE 


the right and left, comes forward in the two ad- 
joining ſide- lues. Having arrived at che wall 


which ſupports the front of the Boiler, it turnt 


again to the right and left; and, entering the 'two 
outſide flues, returns in them to the back of the 


Boiler. Hexe it went out (before the fire- place was 


altered) at two. openings leſt for that purpoſe in the 


wall which ſupports the back part of the Boiler, 
and the two currents of flame uniting, entered a 
canal 7 inches wide, and 16 inches high, which 
goes all round the outſide of the Boiler. (See 
Fig. 20.) Having made the circuit of the Boiler, 
it went off by a canal Cora with. a camper) 


into the chimney. 


From this deſcription of the fire-plice, it appears 


that the flame and ſmoke generated in the com- 
buſtion of the Fuel in paſſing through thoſe dif- - 


ferent flues, made a circuit of above 70 feet, in 
contact with the furface of the Boiler, before they 


were permitted to eſcape into the chimney: This 


I thought muſt be ſufficient to give theſe hot fluids 
an opportunity of communicating to the Boiler all 
the heat they could part with, notwithſtanding the 
difficulties which attend their getting rid of it: And 
I concluded that the communication of their heat 
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in the beginning of each of the two 
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to che; Boller wopld, be much. facilitated and expo: 
dited. by the yarigus;.eddies and-;whizlgools pro- 
duoeg. in the flame in conſaqutenem of the numbey of 
abrupt turns and changes of qireſtion it, was 

to make in paſling,under and round the Boiler: | 


. ,; As the Experiments which haye, heen made with 
this Boiler were conducted throughout with tlie 
a utmaſt care and! attention, and as their reſults are 
both Suxieus and- important in ſeveral reſpedts, ) 
have thought, them! deſerving; of heing ma 
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e, Account of three 1 at Mir. 


nich the rd Odtöber 1746, uh tile nd 
Boiler in the Brewery called Nenbrigtl, be. 


| longing 16.905 2067 agen Here the 
Eero. The weather being fair: The 


| barometer ſtanding at 28: Engliſh inches, Nec! q 


- Fabrenheit's thermometer at „ 85 


1 benen of ite Bolte, in Length” 11 bet 6. 02 FIR 
Engliſh meaſure, as found g Width |. g/— 77, — 


dy actual meaſurement. Depth a> 0 209 m— 
Contents of the Boiler, Shen quite fol to'the brim; 14163 65. 


- Bavarian weight, of water, at the temperature of 5 * * "_ | 


to 17,540 lbs. Avoirdupois, or 3099 ® wine gallons, 


The Boiler aQtually nent I ns Sigh, 


following Experiments,, "WHITE 


equal to 16,056 lbs. Avoirdupois, or nearly r204 wine gallons: 


| The wood uſed in- chis and tlie following Experiments was 


Pie, which had been: moderately ſeaſoned, 0d the billets were | 


3 feet 45 inches, — — 
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% This: boiung voten being tet ol ee Bone vas 
in Adel (anmedately) with cok Güter hd M 
this third Experiment the quantity of water Was in- 
creaſed to 11,368 Ibs. Bavarian weight,—equal 9 
"14:9 958 Ibs. Avoirdupois, or 1685 wine gallons. 


- 1 m— ee were ag follows; 


asd 2539 2; whos ”e, 
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green, or made to boil 6 < T 


witk the heat generated] | 
in the combuſtion of 2h SENT) hes | | 
- 11h, of the Fuel - | 12.54 Ibs. 12.28 lbs. | 
Time in which, „ 4 -- &j-- 20 
ior ta. the reſult of tb 
ent, ice-cold | 3 | 
water might be made 
to- boil at Munich with 
> tn off 


b. 31 min. la h. 59 win. b, 35 min. 
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Brewhouſe; to. find how little in appearance 1 had 
gained by the alterations I had introduced; on a 
more careful examination of the matter, howtrert 


1 found that I had gained much more than I atfirſt 8 


both in reſpect to the Economy of Fuel, 


and to: that d. Time The amount of 'theſe:ad> 


vantages will appear from the following compari» 
| r ee oro fen en, 


ments: 3 9 e N AY — * 19 I * k 1 ahh TIT” 18 S o . 
4 Mu. [ „ . / 7 T be — — 7: for 
: : Li | : a 8 
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dncei; and: from this rircumſthnce 4 dall prove, 


that e na Boikr is beter adapted er firing 


Fuel than the Oũrr ri 


5: banſucing th e of [Enepekinbeilth | 


made wich the ſame Bbiler, but with different 


<quantities bf water, we ſfibll conſtantly find that the 


| erpencr of Fuel was 40% in proportion as che quan- 


 8ty:off water was grrürers: In the (Experiment | 


No. 23, when 127 lbs. of water were uſed, the re- 
ſult of the Experiment indicated that no more than 
12s. of ice-cold water could be made to boil 

- wth-the heat generated in the combuſtion of 1 lb. 

16f the Fuel uſed ; but in the Experiment No. 26, 

made with: the: Tae Boiler, but when 4 times as 

| much water . was uſed, or 508 lbs. it appeared 

-from the reſult! of the ent, that 19.01 lbs. 
of ice-coltl-water. might be made * boil with 1 Ib. 

of che Fuel. > n . nN ad; ul 

Now, in the n be of the Experiments we, 

-are” comparing, as the quantity of water uſed 

(12,508bs.) was much greater than that uſed in 

the ſecond ſet (8 120 Ibs.), it is evident, that if the 

conſtruction of the machinery and the Management 


of the Fire had been equally perfett in the two caſes, - 


"de Economy of Fuel would have been greateſt 


where- the largeſt quartity of water was nfed j— 
Thats to Tay, in the firſt ſer of Experiments but, 
-as that was not the caſe, i it is certain that the Boiler 


uſed in the fecond ſet is better adapted to econo- 
mize Fuel than that uſed in the firſt. ＋ 
But we need not go ſo far w ſearch; for pve 


of that fa fact. "The reſult F Se Auperitions No. ze 
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is aloge duffcjens Bunte gute bayqnd. dqubt. 
In hit Experiment, -jn which the quantity of water 
„ . — 
| xperiments was gugmented from 
10985 e 1,368 Jbs5 the laying. of Fuel was te 
ri ſhow in a degifive waer 
2 ar 20 dez OUR 17 > borate > 
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„The difference in ihe 


« of Fuel in dels 
| Exporiments with theſe two Boilers is by no means 


inconſidsmble; it amounts to above 14 per cent. 


_ and would have amounted to more; if more time 


bad been allowed for heating the water in che Ex · 
periment with the new Boiler; for it is eaſy to 
ee er vas clearly indicated by all 
the Hxperiments) that, in cauſing liquids to boil, 
the-guantity of Fuel will be les in proportion as 
the time employed in that proceſs is long; or, 
Which is the Game, the Fire is ſmaller ; 2 
@ring,of Eve! arivng from any given pr 
of the procels, vill be che ee op v1 
C 
gs heat are wore bſfectual. | 
Na hp r 14 | | "Though 


oy e W 

Thqugt the Ht Wü Rd er dei ee 
| Experiments afforded abtndänt reaſon t6 
that the alterations 1 had introduced in. 


- the new Baller were real . e 
1 compared thi e quantity of Fuel ERS >the 


Experimerits with: this 5 Boftter; with c en 
ſmaller quantities, in proportion” to the quantity of 


water, which were employed in ſome of my former 
Experiments with kitchen Boilers, I was for ſome 


time quite at. à loſs to account for this difference. 


In all my Experiments with Boilers of different 
fizes, from the ſmalleſt ſaucepan up to the largeſt 


kitchen Boilers, I had. invariably. found. that: the 
larger the quantity of water was which was heated, 


the leſt, in proportion, was tlie quantity of Fuel ne- 


to be employed in that proceſs; and ſo en- 
tirely had that prejudice taken poſſeſſiom of my 
mind, that when the ſtrongeſt reaſons for doubt 
preſented themſelves, they were overlosked;; and 


it was not till I had ſearched in vain on every ſide 


to diſcover ſome other cauſe to which I could attri- 
bute the unexpected appearance that embarraſſed 
me, that I was. induced, I may ſay forced, to | 
abandon my former opinion, and to be convinced 


chat what 1 had too haſtily confidered as a'generat 
law, does not in fact 'obtain but within narrow 
limits that although, in beating certain qualities 


 « of lquiddguthre k. an adrakinge in point ofthe + 
performing the proce(s on '# 


Economy of Fuel in 


larger ſcale, in preference to a ſmaller" one 3 yet, 


when the liquid to be heated amounts te 4 cem 
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quantity, this advantage ceaſes ; 1 | 


chat quantity, it is attended with an expence of 
Fuel n em chan , OE: Tn 
tity is leſs. ö 
| What the fize of a Boiler:inuſt beg 8 
the ſaving of Fuel may be a maximum, I do not pre- 
tend to have determined. I think however that 
there are ſome reaſons for ſuſpecting that it wo 
not be larger than ſome of the kitchen Boilers 
uſed in my Experiments. But I recollect to have 
promiſed my Reader, that I would not give him 
my opinion, without laying before him at the ſame 
time the grounds of thoſe eee Wer: 5 
caſe they are as follows : e 

In am Experiment of which I have already g river 
an account (No. 3.), 774 lbs. of water, at 1 ce 
temperature of 58, were made to boil in a favee- 
pan fitted up in my beſt manner, in a cloſed fire- 


place; and the wood confumed was + 1b. This 


gives for the preciſe reſult of the Experiment, 
6.68 lbs. of e water mm to . with-1 Ib. 


of the Fuel. * 0 
In another een (No. 12. ) made with 
one of the {mall Boilers belonging to the kitchen 
of: the Military Academy, fitted up on thę ſame 
principles, 43 63 Ibs. of water, at the temperature 
of 50e were made to boil with 3 lbs. of wood. 
This gives 11493 lbs. of deen water e 
bail wich i Ib. of the Fuel. 
Again, in the Lees, Nh. 30 witch was 
mide den Boiler ee n fame 
| ES 24 2 85 Fiechen, 


— 75 *., 
5 £ I 


12 074 dee f. 


| kitchen, and fitted ap in the fine Manser 185 lbs. 


of water, (equal to about 28 gallons) at the tom. 
| pexajure of 55", were made to boil with the com- 
buſtion of 8 lbs. of fire-wood. This gives. 20.10 lbs, 


of ĩeę· vold water made to boil with 1 lb. of the 


vod j —and farther than tliis I 85 not been able | 


ſo puſh che Economy of Fuel. 
In, the Experiment No. 26. a+ Boiler was uſed, 
which had been conſtructed with the expreſs view 
doſſee how far it was poſſible to carry the Economy 
of Fuel in culinary proceſſes; and it yas fitted up 
ith the utmoſt care, and on the moſt approved 
principles, As I thought at that time. that a large- 
| fized Boller was eſſential to the economizing! of 
Fuel, this Boiler was made to contain 106 gallons. 


In the Experiment in queſtion it actualhy contained 


508 Bavarian peunds of water, (or about 63 gal- 


Ions, ) at the temperature of 487; and to make this 
5 water boil, 24 lbs. of wood were conſumed. This 


gives 19.01 lbs. of ice-cold water made to boil with 


Ih. of Fuel. Hence it appears that the expence 
of Fuel was greater in e wel | 


wh that laſt-mentioned, 


wp ul Pres AP ey FRE 8 
N leſs chan 11,368 lbs or 1686 gallons, of water were 


heated and made to boil in the new Brew-houſe 
Boiler 3 the wood conſumed amounted to. 650 lbs. 
Ahich (as the temperature of the water at the be- 
ginning of the Experiment Was 654 ) gives for the 
reife reli of the Experiment, 34 59 lbs. of ice · 


ald vater made to boil witht.the heat ganeratdt in 
| Werd of 1 2 of the Fuel. | 
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As the relative quantities of Fuel Expented in 
che Hxßeri ments are inxerſelp us the numbers en- 
Pieſling che quantities- of ice- cold water,” whith, 

from the: refalt' of each Experiment, it (appears 
might Hive bse heated 186: degrees, or made to 

| boil, undet tie inean preſſure of the "atmoſphere 
is the level of the ſea, with the heat generated in 
ine combustion of 1 Ib. of the Fuel; "it's evident 
that theſr numbers meaſure very accurately tie 
Uiſtrent degrees to which the Economy of Fu 
was carried in the different Experiments.“ The 
Economy of Fuel in heating Bquids de pen ber 
the gig tb liquid, 25 ſhown by the foregoitig 
Experiments; may therefore be e | 
in the following manner: 
ode! Aan R 29092 1s 1 75 Won O16 9120 1 
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Before I take my leave of dus faber 1 would 


to that property of 2. err bed it hs bash 
genominated a non · conductor bf heat: For if the 


different particles of fime gr bf their heat: only 
nnn, 
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124 Of ihe Managenint of Fire, 
io bodies with which, they actually come into con- 
tact, the quantity of Heat. given off by it will be, 


| wot ut itt volume, (and conſequently not as the 


quantity of Fuel conſumed, ). but rather as itt ſur- 

ace. And as the ſurface of the flame, when fire - 
places are ſimilar, is proportionally greater in ſmall 
than in large fire. places j the ſutfates of ſimilar 
bodies being as the /quares of their correſponding 
ſicdes, while their volumes are as the cubes of thoſe 


ſides ;—itis evident that, on that account, leſs heat 


in proportion to the quantity generated in the com- 


bauſtion of the Fuel ought to be communicated to 
the Boiler, when the fire · place and Boiler are large, 
6 ere ee als e e 


ſeale. 
There are, however, Ska hk EI TRIM 


to be taken into the account in determining the 


effects of /ize in the machinery neceſſary for boil- 


ing liquids ; and one of them, which has great in- 
fluence, is the heat abſorbed by the maſonry of the 


fire · place. This loſs will moſt undoubtedly be the 
- . ſmaller, as the fire-place is larger; but to deter- 


mine the exakt point when, the ſaving on the one a 
hand being juſt counterbalanced by the laſs on the 
other, any augmentation or diminution of ſize in 


© the machinery would be attended with a poſitive 
loſs of heat, is not eaſy to be aſcertained. Pro. 


vided however that proper attention be paid to the 


Management of the. Fire, and that as much heat as 


poſſible be generated in the combuſtion-of the Fuel 


- (which: may always be done in the largeſt fire- 
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place a8 e than W 
as that part of the heat which-gocs off inthe fake Z 
Js, bly. Joſt, à thermometer placed in: :the 
= — pon — of 
OL ( PFrecuiony or 
the re. place. 4 1101 4 301 10 77 Nö * Pas 
It is well-known Ant he ſaoke which ile Bm 
the,chimnies of the cloſed ire · places of very darge 
Dee eſcapes from 
imaliex fire: places; and Jam ſurpriſed that this. 
fact, which has long been known to me; ſhonld 
not have;led.me-to ſuſꝑecti thatcithe: waſte· f- Ruel 
was, praportionally greater in theſe large fire. places 
than in maller oneg, , ni egit us hie? 
Beſides the Experiments of which I have gira 
an account, ſeverab others were: made with the-new 
Brewhouſe Boiler; and, among others,:fouxi E. 
periments, were made on four, ſucceeding days in 
brewing Beer; and it was found that conſderabtyỹß 
leſs. Fuel was expended in theſe trials, aa w 
neceſſary; in brewing the ſame quamtith af heer in 
the other Brewhouſe, in which I firſt introduced 
my improvements. But:theugh the alteration of 
form, diminixtioniof the thickneſs of the metal, &c. | 
which. I had introduced in conſirufting the new 
Boiler, and alſo in the manner ef fitting it up, had | 
produced a conſiderable ſaying of Fuel; yet it was | 
not accompanied by a proportional ſaving. of timg. 
Lhad flattered myſelf that by making the Boiler 
very thin and very ſhallow, I ſhould, bring its con- 
tents to boil in a very ſhort time ; be Aon god: 
| n ſider 


tes Of ile engen Fe, 
gen ho. much cine ie Bbcbffary kor che eombul. 
ulorrf' the. acl ner for! ; 


qtamity of water; otherwiſe niy Ex 
abig ahead would haue been le iſanguinge. 


quantity of heat generated in any given tine bring 


as the quantity of Fuel conſumed, it muſt deptnd in 
great ineiſufe ori aha fize of the-firelplite; and 


wheh ib s requitecb id heat à hige of 


che fireiplice mult be large, or (hat dd my of,, 


wald þertill better] a number ee fire. 


| orithtes] foripſtance;=muſtbe mide 

uncler the faqne Boiler: The Boiler ſfbtld be made 
vide and ſhallow, in order to admit of gba nut 
deri of ſlukd, in which the ftams und ſmmokb of the 
different : Hes: fhould de qe t eirculate ſepa · 


The cH BAH of che Tuer and cbnfequert 
tlie generation and cbafunitition 67-18! hear, 
tay incehodame „ 


. — 
when thatg pufſugb is 0 ſhall r 
f the length t the Huksc nr 7h {if 4 Ole bus 
Ilie Maſter Brewar fiving exprefied a Wt 
| uns contrivance f de ud 7 which the water 
| might be made t Foil a little Tooner in the new 
Boiler I Made at alteration i in its bre place which 
demplktely anfvered that pürpoſe. 
N oy | But 


waitr, or uf any liquid, ina veryc[iont/tinic; elthur 


rately under ini bomm. bas ; raliod 9lgoi ona - 


an ib Cem of "Fuel. 727 


But beſides the deſire 1 had to oblige the miſter 
drewbr, (who only tHought how he could tontive 
to finiſh us early as poſlible his day's work) That 
Another, and much more important odject in-view, 
Having had reaſon to ſuſpect that Hues which g 
round on the butfide of large Boilers do little more 
man prevent the eſcape of the heat by their {ides, 


Lhich, with infinitely leſs trouble and- -lefy EL. 


pence, wy be prevented by other means, I W 
deſirous 


he real ameunt of the advantages gained by thof: 
Hibs 3. or the my Fuel which they 


Ave which Rat" t6Utid' the' ttew Boflef would" iti. 


efeals thb dr aught of the fire-place /anfaccelerate the 
vombuſtibn of the Fuel, T'ebnthided that if thy bf. 


mon was well founded with reſpect to the Hall. 


neſs 6f the ad Arved from theſe "3 
Jas, thetincreaſe of heat ariſing frötmithe acbe 


tow of the \eotubuſtion occaſioned by che — 5 
dxaught on eloſingthem upwouldinore than com 


balance the loſs of thoſe advantages; and the tiwie 
ed in heating the water would be aum 
de actuully lels than it uus befure. 0:1048- fed?! 


The reſults. of the following Rmperiments how 
how fa nog cgi Gandes,* Nele: _ 
. 1. inn 5 925 7 
"Experiment, No. 32. wow ONE 
The nue round the outſide of che new vibes 
Boiler having been cloſed up, and two..canals 
| N Fig. 21.) formed from the end of the two 
outſide 


finding out, by a deciſive Experiment, 


And as I was tonfidettt that the: ſuppteſfon oF the 
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outſide. flues 0 thoſe ſituated. — e Boilers 0 
which two. canals (which were both 

rs), the ſmoke; paſſed off from 
Boiler directly into the chimney; the Ex T 
No. 31. which was made with the ſame Boiler b 
Fore, the outſide flues were cloſed up, was gnqw;: 
oed with the utmoſt care, in order to; aſcertain 
: the effects which the, clofing up of. thoſe flues would 


5 produce. The quantity of water in zhe Boiler, and 
its temperature at thebeginning ↄf the Experiment, 


were the ſame; — the wood uſecd as Fuel was: taken 
from, the ſame parcely.and it was put into the fixe 


place in the {ame quantities, and a: che ama inter ua 
of time in ſhort, every circumſtance was the ſame 


In the two Experiments, excepting, only the altera- 
ians Which had been made in the firerplace. A8 
the length of the floes through which the lame and 
Imoke was obliged to, paſs to get into he chimney 


Had deen diminiſhed more than half, (or reduced 


lm xo to about 30 fest,) the ſtrength of the draught 
of the fire · place was much increaſed, as was evident 
not only from the increaſed violence of the combul. 


tion of the Fuel, which was very apparent, but alſo 


from another circumſtance, which I think it. my 


duty to mention. Before the flue round the Boiler | 
was cloſed, if too much Fuel was put into the fire- 


place at once, it not only did not burn with a clear 
flame, but frequently the ſmoke, and ſometimes 
the flame, came out of the fire-place, door, even 
when the damper in the chimney was wide open 5 


but after this flue was cloſed up, it was found to be 
| hardly 


f 


0 r ß cent I Ties SN; 
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hardly poſſible to overcharge the fire-place, and 
the Fuel always burned with the utmoſt 'vivacity- 


I ought ta inform, my Reader, that though the 


entrance into the flue which went round the oat-· 
ſide of the Boiler was eloſed, and another and a 
ſhorter road opened for the flame and ſtmokè to 
paſs off into the chimney, yet the cgeiε of the 
flue remained; and by means of openings (eo. c. 
c. c. c. Fig. 21. Plate V.) about ſix inches ſquare 
in the brick-work which ſeparated this old road 
(which was now ſhut up) from the fluey under be 
Bailer, the flame was rmitted to paſ into this 
cavity, and to ſpread i itlelf round the outſide-of the 
Boiler. This contrivance (which I would recom- 
mend for all Boilers) not only prevents the eſcape 
of the heat out of the Boiler by its ſides, but con- 
tributes ſomething towgrds heating it; and as the 


openings in the 3 Dpes do not ſenſibly in- 


pede the motion of flame, they * do no 
harm. 

As the two Experiments, the relults pf which I 
am about to compare, were made with the greateſt 


care, and as they are qn ſeveral accounts uncom- 


monly intereſting,” T ſhall 2 them in a caſe 


cuous point of view. N 
1 10 WIL ; | Int oft Bars tt 
* ni ant of bed 1 16945 0900 t2qud OWy 
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P.. Kit by 443 - Ss kf 5 "Wu. 1 
A (Conpanaris View. of TWO Ob 
made with a new Brewhouſe Boiler. 


| 7 be time ant Hom the 3 of the Expe- 


riment, and was the ſame in both Experiments... 
| Quantity :of- water in ne rr ene  Bava- 


ee 0 L 
ih ey 5 1 Fuel T into — 7 F Heat of the water in the 
OT 239.0 $45 en 1 Boiler. 0 
22 2 232 FG, BEL 
the begi OA 7 a e A; r 
| ning of t ii I Experiment 7 
A umber a ity N 5 55.4 8 
, of . [i veer. (outhide fue (outlide Ave 
— * . |. bes & de 
— i 80 100 Ss : 552 
16 40 r 82 
9 30% 1 40 50 90 
. 50 107 110 
16 (J 40 50 118 141122 
S 50 130 135 
3 „ nt. ox 147 
„* fe, ee Blk. NO > 
2 9 40 | 50 165 171 
2 24 [140 50 175 182 
2 9 1 50 182 191 
er nene 
2 — — — | — boiled 


* found by comparing the reſults of theſe 


two Experiments, that I had loſt nothing in reſpe& 
to the Economy of Fuel, by ſhutting up the outſide 


flue of my Boiler, I was now deſirous of aſcer- 


Wing ** much 1 had ga | in Point of rt 


| 
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or how much the increaſed draught of the fire-place, 
in conſequence of its flues being ſhortened, en- 
abled me to abridge the time employed in -cuſ- 
ing che contents of the Boiler to bail, in caſes in 
which it ſhould be advantageous to expedite that 
procefs at the expence of a additional quan- 
tity of Fuel. . Z- ea98iq liget 
By the following Rents) in which the eom- 
buſtion of the Fuel was made as rapid as poſſible 
by keeping the fire · place full of wood, and the 76+ 
gilter, in che aſh-pit, dgor and the damper.n,the, 
chimney conſtantly quite open, may be ſeen ho 
far Liucceeded in the attaipment of that objeck. 
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„ The" Done rig ent , uns | 
neigh of witte? at the temperature” of gp. The 


Fuel uſed was Pineavged;” * in 
- bilters eres foot four inches long, and phe into 
ſmall pieces of about 1 lb. each, that _ might 
burn the more rapidty:"” roc ix A t. 3 
his Expertmenit m ite wY of Nose ; 
ber 2796, che barometer ſtanding at 26 inches Ay 
Alles Tarte meaſure, and Fabtenheit's, : 
At A Sd yg 0 511 V1! 22139 YO: « 
'« 29% 10 8535-29 2 (G28 oft, | 7 e. * | 
Fuel put into the ture of the t 
Time, | fire - place. water in 
1 Baba A ſche copper. þ 
. brs, mn. bb. | degrees. 
= 0 h f 100 47 
0 14 0 | 1oo 598 
S $64 .; 100 88 
00% © 7. .1co | 100 
S794 100 | 123 
8 25 too 144 
©. 39 | 100 151 
| 4 © 100 — 
F 0 104 > — | 200 
* was. — | boiled 
Time employed - 2 17 Wood confumed - 800 | 


In the Experiment No. 3a, the ſame quantity 
of water at the temperature of 653*, was made to 
boil in 2 hours 59 minutes, with the conſumption 
of 625 Ibs, of the ſame kind of wood, Had the 
water in this Experiment been as cold as it was in 


the — No. 33, (namely at the tempera- 
ture 
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tute of an) inſtead of 625 bs.; 705 Ibs. of the 
Fuel would have been awceffary ; and the proceſs, 
inſtead of laſting 2 hours and 59 nam woald, 
have laſted: 3 hours and 22 minutes. a 

Hence we may conclude, en * 
and 5 minutes of 3 hours and 22 minutes in zhe 
proceſs of boiling 11, 368 Ds. of water, us cant 
be done at a leſs additional expence of Fuel than 
that of 95 lbs. of pine-wood ; or, to-abridge the 
time one-third, te et ere 1520 
of about ine ciginh more Fuel. & 2 

In fome caſes it will be maſt _eoficable 20 we 
time, in others to ecatomiſe Fael;—and it will al. 
ways be defirable to be able to do either, as. circum 
3 gg MPO G2 2h 
_- Froma'compariſon of the quantifies of Fuel con 
_ ſumed, and conſequently of heat generated, in the 
ſame time, with the quantities of heat actuafty com- 3 
municated to the water, in the Experiments 
No. 32 and No. 33, during this time, an idea may 
be formed of the great quantity of Heat that ma 4 
remain in flame and finoke ufter they have paſſe 
many feet in Hues under the chin bottom of a Beider 
containing told water; and this hows with how 
much difficulty theſe hot vapours part with their 
bent, and how important it is to be acquaitited with 
that fait in order to take meaſures with Oy 
for economiſing Fuel. 

I have been the more particular jn apy boon 
of theſe F: wich large Boilers, as I believe 
no Experiments of the kind on ſo large a ſcale have 
1 ag made; and as they were all conducted 

K 3 with 
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"with: care, their reſults have intrinſic. value inde · 
pendent of the.particular-ules to hien 1 have, * 
plied them. bas 21k Ts 10 ba 
As in the countries where. this Efly i is likely to 
be moſt read, pit-coals are more frequently uſed as 
Fuel than wood, it will not only be ſatisfactory, but 
in many caſes may be really uſeful to my Reader to 
' know the relative quantities of heat producible 
ffom coals and from wood; in order to be able to 
compare the reſults of Experiments in which coals 
are uſed as Fuel, with thoſe of which I have here 
given an account; or to determine the quantity of 
 ctolaineceffary. in; any proceſs which it is known 
may he. performed with a given quantity of wood. 


It was my intention have made a ſet of Expe- 


iments on purpoſe-to determine the relative quan- 


tities of cheat producible from all the various kind 


of combuſtible bodies which are uſed as Fuel; and 


I made-preparations for beginning them, but Lhare 


not yet been ableto find leiſure to attend tothe ſubject. 
The moſt ſatisfactory account J have been able 


5 procure reſpecting the matter in queſtion, is one 


for which I am indebted to my friend Mr. Kixwan. 


By this account, which he tells me is founded on 


Experiments made by Mr. Lavaijſier, it appears, 
that equal: quantities of water, under equal ſurfaces, 


may be * and 8 em heats 


produced, 


VB! 40; lbs. of Coaks | * ber 19 of Cots 
GOO — of Pit-coal. 50 meatre Pit-coal ; 
600 A "460 Charcoal 
1099 — of * A ; 
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2k Haas ae Iberty.to. tranſexibe the. inge : 


nious and intereſting obſervations which accom 
panied this eſtimate ; but as they make part of a 
work which I underſtand is preparing for the 
Preſs, I dare not anticipate what Mr. KIRWAN * 
himſelf ſoon lay before the Public. 


According to this eſtimate it appears that 


1089 lbs. of oak produces as much heat in its 


combuſtion as 600 lbs. of pit- coal. Now, if we 


ſuppoſe that the pine · wood uſed in my Experi- 


ments is capable of producing as much heat per 


Pound as oak, — and I have reaſon to think it does 


not afford leſs, from the quantity of pine wood 


uſed in any of my Experiments, it is eaſy to aſcer- 
tain how much coal would have been neceſſary to 
generate the ſame quantity of heat; for the weight 
of the coal which would be required is, to the 
weight of the wood n conſumed, r to 


1089. 


of water, at the temperature of 65, were made 


to boil with 6501bs: of pine-wood. As; when the 


Experiment was' made,” the mercury in the- baro- 
meter ſtood at about 28 Engliſh inches, the tem- 
perature of the water when it boiled was only 

209 7, conſequently its temperature was raiſed 
09655) 144 degrees. Had the water been 
boiled in London, or in any other place nearly on 

a level with the ſurface of the ſea, it muſt have 


been nd to 212 to have been made to boil, 
Al © K4 cConſe- 


In one of my Eaperknants (No. $1,)—11,3681bs. | 
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conſequently i its temperature muſt have heen raiſed 
246: and to have done this, inſtead of 6 50 lbs: 
of wood, 6614 tbs. would have been tequiret; 
(ia is to 1465 as 650 lb. to 661; b 
I pit coal were uſed inſtead of wood; 363 Ibs. 
of that kind of Fuel would huve been museen jm 
for the quantities of different kinds of Fuel required 
to perform the ſame proceſs being inverſely as the 
quantities of heat which equal weights of the given 
Kinds of Fuel are capable of generating, or directly 
ns the quantities of the kind of Fuel in queſtion, 
which are required to produce the ſame heat, it is 


1089 to boo, as 66 14 lbs. of word to 2634 Ibs. of | 


coal, ſuppoſing the foregoing eſtimate to be exact. 
Whether it would be poſſible to cauſe fo latge a 
quantity of water, (168 1 wing gallons,) at the given 


temperature, (65+*,) to boil, with this ſmall quan« | 
ty of coal, I leave to thoſe eee | 


Experiments of this kind to determine. | 
Prom the reſult of my 20th. Experiment it ap- 
peared that 20 f Ibs. of ice-cold water might be 
- heated 180 degrees, or made to boil under the 
mean preſſure of the atmoſphere at the level of the 
ſurface of the ocean, with the heat generated in the 
combuſtion of 1 Ib. of pine- wood. Computing 
trom the reſult of this Experiment, and from the 
relative quantities of heat, producible from pine · 
weod, and from pit-coal, it appears that the heat 


generated in the combuſtion of 1 1b. of -pit-coal, 


- - would make 364 lbs. of ice-cold water boil. 


—_ wa. OA ia ad om > add a av as an . _ 


= it appears that pit-coal ſhould beat 36- 


times its weight: of water, from the freezing paint 
to that of boiling ;z—-and as it has been found by 
Experiments made with great care by Mr. Warr, 
that nearly 5+ times as much heat as is ſufficient 
10 heat any given quantity of ice-cold water to the 


| boiling point, is required to reduce that ſame quan- 
tity of water,  alrazdy baling-hot, to ſteamy accord= 

iug to this eſtimation, the heat generated in the 

combuſtion of 1 ib. of coal ſhould be ſufficient 


to reduce very n 79, reg, 4's water 
to ſteam... 

„How fax theſe eſtimates agree with 'the Experi- 
ments that have been made with ſteam-engines, I 
know not; but there ſeems to be much reaſon to 
| ſulpet that the expence of Fuel, in working 

thoſe engines, is conſiderably greater than it ought 

to be, or than it would be, were the Boilers and 
Fire- places conſtructed on the beſt principles, and 
the Fire properly managed. 
In attempts to improve, it is always very defir- 


able to know exactly what progreſs has been 


made; to be able to meaſure the diſtance we 
have laid behind us in our advances; and alfo that 
which ſtill remains between us and the object in 


view. The ground which has been gone over is 8 


eafily meaſured; but to eſtimate that which Kill 
lies hefore us is frequently much more difficult. 
The advances I have made in my attempts to 
improve fire-places, for the purpoſe of econonuſ. 
ing Fuel, may be eſtimated by the refults of the 
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Experiments of which I have given an account in 

this Eſſay; but it would be ſatisfactory no doubt 

to khow how much farther i it is poffible to wor the 
Economy of Fuel. | 

In my 4th Experiment, 11 Ibs. * water, at * 

temperature of 580, were made to boil, at Munich, 


with 6 Ibs. of wood. If, from the reſult of this 


Experiment, we compute the quantity of ice-cold 
water which, with the heat generated in the com- 
buſtion of 1 lb. of the Fuel, might be heated 180 
degrees, or made to boil, it will turn out to be 
only 14 1b. or more exactly 1.11 Ib. | 
According to the reſult of the Experiment 
No. a0, it appeared, that no leſs than 207 lbs. 
of ice-cold water might have been made to boil 


with the heat generated in the combuſtion of 1 Ih. 


of pine-wood. 
It appears, W that about eighteen times as 


much Fuel, in proportion to the quantity of water - 


heated, was expended in the Experiment No. 4, as 
in that No. 20; and hence we may conclude with 


the utmoſt certainty, that of the heat generated, or 


which, with proper management, might have been 
generated in the combuſtion of the Fuel uſed in 
the 4th Experiment, leſs than r part was ems 
ployed in heating the water ;—the | remainder, 


amounting to more than 1 of the whole quanutys 


being! diſperſed and loſt. 
41 ventured to give it as my opinion. in Pa begi- 


EO 


e of: the © heat at generated, or dich, with proper ma- 
mi L 6 | nagement, 
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nagement, might be generated from the Fuel ac- 
c tually conſumed, is carried up into the atmoſphere 
with the ſmoke, and totally loſt.” —I will leave 
it to my Reader to judge whether this opinion ws 
not founded on good and ſufficient grounds. 

But though it be proved beyond the poſſibility 
of a doubt, that the proceſs of heating water was 
performed in the 2oth Experiment with about gr 
part of the proportion of Fuel which was ac- 
tually expended in the 4th Experimerit, yet nei- 
ther of theſe Experiments, nor any deductions that 
can be founded on their reſults, can give us any 
light with reſpect to the real loſs of heat, or how 
much leſs Fuel would be ſufficient were there no 
loſs whatever of heat. The Experiments ſhow 
that the loſs of heat muſt have been at leaſt eighteen 
times greater in one caſe than in the other; but 
they do not afford grounds to form even a probable | 
conjecture reſpecting the amount of the loſs of heat 
in the Experiment in which the Economy of Fuel 
was carried the fartheſt, or the poſſibility of any 
farther improvements in the conſtruction of fire- 
places. I ſhall, however, by availing myſelf of the 
labours of others, and comparing the reſults of 
their Experiments with mine, endeavour to throw 
ſome light on this abſtruſe ſubjece. 

Doctor Cxawromp found, by an Experiment 
contrived with much ingenuity, and which appears 
to have been executed with the utmoſt care, that 
the heat generated in the combuſtion of 30 grains 
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of charcoal raiſed the temperatute of z lbs. 7 0z. 
Troy 481,920 grains, of water, 1% degrees of 


Fabrenheit's thermometer, 2when none of the heat 
| generated was Je uffered to eſcape. 
But if zograins of charcoalare neceſſaryto Wette 


temperatureof 181,920grains of water 1 Ee degrees, 
it would require 3157.9 grains of chargoal to raiſe 


the temperature of the ſame quantity of water. 


180 degrees, or from the point of freezing to that 
of boiling; for it is 2. 510 to 30 grains, as 180" ty 


3155.9 grains. Conſequently the heat generated 


in the combuſtion of 1 lb. of charcoal would be 
ſufficient to heat 57.608 Ibs. of ice - cold water 186 
degrees, or to make it boil; —for 31 9. 9 grains of 
Charcoal are to 181,920 grains of water as 1 Ib. of 
Charcoal to 57.608 Ibs. of water. 

From the reſults of Mr. LavoisizR's Experi- 
nents, it appeared that the quantities of heat gene- 
vated in the combuſtion of equal weights of char. 
coal and dry oak, ae as 1089 to 600, Hence we 
may conchade, that equal quantities of heat are ge- 
nerated by 1 Ib. of charcoal and 1.8 5 Ibs. of oak ; 
conſequently that the heat generated in the com · 
bduſtion of 1.8 15 bs. of oak, would heat 57.608 Ibs. 
ef ice-cold water, —or 1 Ib. of oak, 31.74 lbs. of 
ice-cold water 180 degrees, or cauſe it to boil j 
terer 19 part of the beat generated in the combuftion 
of Fad bp. 

If now yy EN the counties af os doo. 
e REINA end of dry 


pine. 
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pine-· wood to be equal, — (and there is reaſon to 


believe that this ſuppoſition cannot be far from the 


truth,) we can eſtimate the real loſs of heat in each 
of the two Experiments before mentioned, (No. 4 
and No. 20, as alſo in. every other caſe in which 
the quantity of Fuel conſumed, and the effects = 
duced by the heat, are known. 

Thus, Jor Inſtande, in the 20th Experiment, as 
the effects ccc indicated that with that part of 


the heat d in the combuſtion of 1 lb. of the 


Fuel which #ntered the borler, 20:2 lbs. of ice-cold 
water might have been made to > bal; as by the 
above eſtimate it appears that 31.25 + ths. of Te- 
cold water niight-b made to boil with al the heat 
generated in the combuſtion of 1 Ib. of the Fuef— 
it is: evident that about one-third of the heat gene- 
rated was bg f or -E2-of it was faved. 


This loff is <rtainly not. greater than might 1 rea- 
ſonably” tiave been expelled, eſpecially when we 
confider All e various: cauſes which conſpire, i in 
product it; and 1 daubt whether the Economy 
of Fuer ont in ever be carried much farther. 3 

In the Experiment No. 4, as, the effects 
duced bye heat which” entered, the Boiler in 
exted that no more than 1. 155 Ib. of ice-cold. 
could have been made to "bot! with 11b. he 


Fuel, it appears that in this Experiment only abgut | 


dach part of the Heat generated was ſaved. _ 
In all the Experiments made on a very Ke 
. feale, with Brewhouſe Boilers, rather more than 
one-half of the heut generated found its way up the 
imney, and was loſt. 


— 


CALLY 


> 


4 
J 

1 
N | 
; 
i 
| | 
| 

bd 

. | 
b 

* 
i. 


| 14a Of the Management of Fire, 


a + - l * 
= - 


\ 


; " F'Y [ | 
0" 2 — 4 z 14 4 þ *& 
4 
- 
4 ja 1 
- : „ . * . ” 0 1 1 
44 8 . ** el : 
4 v3 oe 4, « - . CH * 4 * ) A 
* 
* * 9 
. . ; * 
10 P * 4 


5 Aire, 4 1 Kitchens, bi: and 


private, and Fire-places for variqus Uſes, which 
. Have been conſtructed under the Direftion of the 
. Author, in different | Places. —Of the Kitchen of 
"the Hovsz of IndusT&Y at MUM. that 
F the MuiTtary ACADEMY=-Of that f tbe 
ee Mzss-Houssz—That ' of the Fak- 
nousx, and thoſe: belonging. to the Inv. in the 
ENGLISH Ga RDEN at Municn.—-Of. the: Kits: 
 chens of the Hoſpitals LA PETA and LA Mi- 
SERICORDIA af Verona; Of . @ ſmall Kitchen: 
"Fitted up ar a Model in the "Houſe of SR Jonxt 
"SINCLAIR Bart. in LowDon.—Of the Kitchen 


the FounDLinG HosPITAL in ; Lownon.—Of. 


\ A Mirrary KITCHEN for the Uſe of TrooPy in 
Caur.— 0 a PORTABLE BOILER for, the. Uſe 


Tacors on Manch. 4 large Balrk fitted 


c % as Model for BLEACHERs at the LINEN» 
595 in DuBLiN.—Of « a Fi ire place fo or COOK» 


G, and at the ſame Time WARMING A LARGE 


HALL; and of @ PERPETUAL Oven, both fitted 
up in the Houst of, InnvsTRY at Dun N. 
lbe KiTcnen—LAUNDRY—CHIMNEY Fikz- 


I FLACKS—=COTTAGE een, . 


k - 
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df a Linz-x1ta—fitted:up in. IRELAND inthe | 
en of = p SOCIETY. K ee? 4 
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M* with 81 give the _ complete We Fa 
| poſſible ak regard to, the grounds on which 
the improvements I propoſe are founded, has. in- 
duced me to be. very particular in my account of - 
my Experiments, and of the concluſions and prac: 
tical inferences I have thought myſelf authoriſed. % 
draw from them; and as theſe inveſtigations have 
frequently led me into abſtruſe philoſophical diſ- 
qauiũtions which. might not perhaps be very inte- 
reſting to many of my readers, to whom a ſimple 
account of my Fire- places, with directions for con- 
ſtructing hem, - might. be really uſeful; in onder 
to accommodate readers gf: all deſcriptians, I have 
thought it beſt to divide my ſubject, and ito reſerve 
what I haye ſtill! to ſay· on / the mechanical part of 
it the Conſtruction of Kitchen Fire- places, —for 
a ſepatate Eſſay. In the mean time, for the in- 
formation of thoſe who may have opportunities of 
examining any of the Kitchens, or Fire- places, for 
other purpoſes, which have already been conſtrutted 
on my prineiples, under: my direction, I have an- 
nexed the following account of them, and af the 
particular merits and imperfections of each of them- 
This aecount, added to what has been ſaid in the 
foregoing Chapters of this Eſſay on the conſtruc- 
tion of Fire-places, will, I flatter myſelf, be found: 
ſufficient to convey the fulleſt information reſpe&= 


5 the ſubje& under conſideration, and enable 
1 771 
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thoſe, who may wiſk to adopt the propoſal ten. 


provements, to conſtruct Fire-places of all kinds on 


the principles recommended, usr any farther 
affiffance, 1 


Thoſe who may not have lkilure to enter into 
theſe ſcientific inveſtigations, and' who, notwith- 


ſtanding, may wiſh to imitate theſe inventions, will 
Effay. 85. 
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2 of the Kitehert of the Hovie of hevvorine 


N Abreden in its fegen Hane 


"ys werder ese enten i aw 
ated in a ſmall room : adjoining to the" great Kit- 
chen) is fitted up in a very complete manner ;j-— 
its (wgoden) cover is cheap, ſimple, and durable; 
and aufwers perfectly well for confining the heat; 

Athe 'ſteam-tube (or ſteam-chimney, as 1 bave 
called it) is very uſeful, as it carries off all the 


ſteam generated in cooking, and keeps the air 


of the Kitchen dry and wholeſome. TO carry off 
the ſteam which riſes from the hot: ſouip when it is 


| ferve up, chere is a ſtaam. chimhey of wood, (fur- 
niſhed with a- valve,) che opening of «which is ſitu · 


ated at the higheſt part of the Kiteben To pre- 


ny vai ihe voi ue fro Tot down by ths pallige 
into the Kitchen, its damper (which is opened and 


ſhut by a cord which goes over a pulley) is, in 
rel kept conſtantly ſhut, except juft when it 
5. is 


find all the information = can want, in my next | 


and the n Fuel. 143 
is neun wo * it for : a moment to let out the 
ſteam. 

The only alteration 1 would make, were I to. fit 
up this boiler again, would be.to leave openings 
by which the flues might be cleaned occaſionally, 
without lifting the boiler out of its place.— This 
ſhould be done in the fire-places of all large boilers. | 
This boiler, which is uſed every day, requires to 
have its flues cleaned, and its bottom and ſides 
ſcrubbed with a broom, to free them of ſoot, once 
in fix weeks, 

Over againſt this boiler is a . for drying b 
potatoes, which has been found to anſwer perfectly 
well the end for which it was contrived. Potatoes - 
firſt moderately boiled, and then ſkinned and cut 
into thin ſlices, and dried in this machine, my be 
kept good for many years. 

The eight iron boilers in the great Kitchen are 
fitted up on good principles ; and the oven which 
is heated by the ſmoke from the fire-places of two 
of theſe boilers, which oven is deſtined for drying 
the wood for the uſe of this Kitchen, i is deſerving 
of attention. | 

The wooden covers of theſe eight boilers, and 
the horizontal tubes, conſtructed of wood wound 
round with canvas and painted with oil colours, 
by which the ſteam is carried off, have been found 
to anſwer very well the fone a for which they 
vere contrived, 


Vol. 11, "ns 


146 in — 


| ' The Kitchen of the Military Academy at Moment 


* This ichen * l Has b fo perfect in 


* all its parts, that I do not think. it capable of any 


conſiderable improvement. The ragſter, which has 


been in daily uſe ſeven. years, is ſtill in good con- 
dition, and bids fair to laſt rwenty years longer,— 


It is large and roomy, and has been found to be 
extremely uſeful. Though the different parts of 


this Kitchen are not diſtributed with ſo much ſym- 


metry as could have been wiſhed, owing to local 
circumſtances, yet it is very complete in its various 
details, arid all the yarious proceſſes of cookery are 
performed in it with little labour, and with a very 


. fall expence indeed of. Fuel. Two large boilers 


and-three large faucepans, which are fitted up in 
a detached maſs of brick-work in a.corner of. the 
room, (on the right hand on going into it, ,) I can 
recommend as perfect models for imitation. In 
Mort, I know of nothing which I could with to alter 


A this Kitchen. —To oy the troth; it has already 


undergone a ſufficient number of e 


| * 5 
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BN in the Englifh Garden of Muxren. 
* This Kitchen is much leſs perfect i in its details 


than that juſt mentioned, —It was built in the 


fpring of the year 1790, and has fince undergone 


0 7 r a att AER * 
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only a few trifling alterations. It has three roaſt= 
ers, which are made {mall an putpoſe to ſerve as 
models for private families; and I have had the 


pleaure 0 kes thay they hae ofien been iat 
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; This Kitchen e contrived for the uſe for 
which is was deſigned; and I can recommend it a8 


'a very good model for the Kitchens of Farms. 


houſes, for families conſiſting of eighteen or twenty 
perſons. One of the boilers, which is deſtined for 
warming water for the uſe of the Kitchen and the 
ſtables, is in winter heated by the ſmoke of a Ger- 


man ſtove which is ſituated in an adjoining room, 
TO ET e 


The groet Kitchen of the Inn in the Garden. 
*, This Kitchen, which is adjoining to the Farm- 


houſe, i is contrived almoſt for the ſole purpoſe of 
| roaſting chickens before an open fire, a kind of 


food of. which the Bavarians are extravagantly 
fond. It has three open fire-places, conſtructed on 


the principles recommended in my Effay on Chim- 


ney. Fire- places, fronting different fides of the Kit- 


chen, and all opening into the ſame chimney, which 
chinmey is built nearly in the middle of the room. 
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The ſmall K ichen belonging to the Inn. 
b This Kitchen has nothing belonging to it which 


deſerves attention, or which I would recommend 
for imitation. It was originally A1 merely 
for making coffee, chocolate, &c. 

A Kitchen which has lately been fitted up on my 
principles, in the new Hoſpital for the infirm 
and helpleſs Poor, which is ſituated on the height 
called the Gaſteig, on the ſide of the river oppoſite 


to the town of Munich, is much more intereſting, 


and i is a good model for i imitation. 


The Kitchen f' „he Hoſpital Y. La Pitta at VE RONA | 


18 peculiarly intereſting, on account of its con- 


venient form and the perfect ſymmetry of its parts. 
The maſs of brick-work in which the boilers are 
fixed occupies the middle of one fide of a large 


high room, which is plaiſtered and white-waſhed, 


and neatly paved. The covers of the large boilers _ 
are lifted up by ropes which go over pullies fixed to 
the ceiling of the top of the room; but were I to 
| build the Kitchen again, I ſhould” ſubſtitute wooden 
covers with ſteam-chimnies inſtead of them, ſuch | 
in all reſpects as that belonging to the large round 
copper boiler in the Kitchen of the Houſe of In- 
duſtry at Munich. When the covers are ſo large 


that they cannot conveniently be lifted on and off 


with the hand, they ſhould, in my opinion, : 


„ r r 


- 
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be made of wood, and divided into parts, united by 
hinges. When they are deſigned for confining the 
ſteam. entirely, they ſhould be made on a peculiar 
conſtruction, which will hereafter be | deſcribed. 
The covers for ſmall boilers, and thoſe for ſauce- 
pans, ſhould always be of tin, and dduble. _ 
The grates on which the fires are made under the 
boilers in the Kitchen of the Hoſpital of La Pista, 
are circular; but they are not hollow, or diſhing, 
as that impedyement did not occur to me till after 
that Kitchen was finiſhed. The ſpiral flues under 
the boilers are alſo wanting, and for the ſame rea- 
ſon. In all other reſpects this Kitchen n 


quite W 


The Kitchen of the Hoſpital of La Miſericordia at 
VERONA | 


. Is conſtrued on the ſame vrinciples as that of 
La Pitta. The only difference between them is 
in the diſtribution of the boilers. That of La Mi- 
ſericordia is built round two ſides of the room. 
In many caſes, this manner of diſpoſing of the 
boilers will be found more convenient than any 
other; but in all caſes where this method of plae- 
ing wem i projerred,: care muſt be taken to place 
the largeſt boilers fartheſt from the chimney, and 
the ſmaller ones nearer to it, and in regular fiſe- 
ceſſion as their ſizes diminiſh. This is neceſſary, 
in order that in the maſs of brick- work in which 
9 are fixed, there W 
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the {rhaller: boilers for the canals which carry off 


 e-inake from the large ones itzo the chimney. 
I This circumſtance was attended to in conftru&. 
yg. the ſmall Kitchen which I fitted up laſt ſpring 


in the hbuſe of Sir John Sinclair, Bart. Preſident 
of the Board of Agriculture, Whitehall, London. 
This Kitchen (which was intended to ſerve as a 
model, and is open to the public view at all hours) 


is by no means as perfect as 1 wiſhed it ko be: 


Having been built during my journey to Ireland, 


_ feveral miſtakes were made by the workmen I em- 


ployed, who, though they have great merit in their 
different lines of buſineſs, Had 'not wo phy had ſufh. 


cient experience in conſtructing Kitchens on my 


principles, to be able to execute ſuch a job in my 


abſence without committing ſome faults. Thoſe 
- which were moſt eſſential I correted ; but my ſtay 
in England after my return from Ireland was too 
mort; and my titne too much taken up with other 


matters, to rebuild. the Kitchen from the found. 
ation; which I was very deſirous of doing, and 


+ _ which, with the permiſſion of the Proprietor, I 


Shall. certainly do when I come to. England again. 
The greateſt fault of the Kitchen is the want of 


dampers to the canals by which the ſmoke is car- 
-ried off from the cloſed fire-places of the doilers 


and ſaucepdns io the chimney. Theſe dampers | 


ſhould never be omitted in any fire-place, however 
mall. They are neceſſary even in fre- places for 
the ſmalleſt ſaacepans, and no large boiler ſhould 
on any account be without one. Some Experi- 

. | ments 
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ments 1 have lately made (ſince my return to B. 
varia) have ſhewed me how very neceflary theſe 
dampers are; and I conſider it as my duty to the 
Public to loſe no time in recommending . the ge- 
neral uſe of them. The flattering attention which 
has been paid by the Public to the various im- 
provements I have taken the liberty to propoſe, not 
only demands my warmeſt gratitude, but lays me 
under an indiſpenſable obligation to exert myſelf 
to the utmoſt to deſerve their eſteem, and to merit 
the diſtinguiſhed marks of their confidence with 
which on ſo many occaſions I have been honoured. 
But to return to the Kitchen in the houſe of 
Sir John Sinclair (the place where the meetings of 
the Board of Agriculture are held, and where 'of 
courſe there is a great concourſe of ingenious men 
from all parts of the kingdom,—of men zealous 
for the progreſs of uſeful improvements). A 
the room is very ſmall, it was not poſſible to do 
more in it than juſt to fit up 'a few ſmall boilers - 
and ſaueepans, and one middling-fized roaſter, 
fach' as might ferve for a ſmall family ; which laſt 
is a machine ſo very uſeful that T cannot help flat- 
tering myſelf that it will ſoon come into general 
uſe. The ſaving of Fuel which it occafions is 
almoſt incredible, and the meat roaſted in it dog 
nenn well-raſted and highlavoured. 5 
One of theſe roaſters, on a large ſcale, was put 
; wp, under my direction, in the Kitchen of the 
Foundling Hoſpital in London; and though 1 1 
could not ſtay in England to fee it finiſhed, I have 
L 4 had 
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bad the. fatisfaQtion ta learn, fince my arrival at 
Munich, from my friend Mr. Bernard, (who is 
to the Hoſpital,) that it has anſwered 
even beyond his expectations. He informs me, 
that when 112 lbs. of beef are roaſted in it at once, 
the expence for Fuel amounts to no more than 
four pence ſterling; and this when the coals are 
reckoned at an uncommonly high price, ne, 
at 1 8. 4 d. the buſhel. 
In the roaſter belonging to > the Kitchen af the 
Military Academy at Munich, I cauſed 100 lbs. 
Bavarian weight (equal to 123.84 tbs. Avoirdupois) 
of veal, in fix large pieces, to be roaſted at once, as 
an Experiment; the Fuel conſumed was 33 Ibs. Ba- 
varian weight of dry pine-wood, (equal to 40.86 lbs. 
Avairdupois,) which (at 44 florins the clafter, 
weighing 2967 lbs. Bavarian weight) coſt 35 crete 
. zers, or about one penny ſterling, = 
This Experiment was made in the year 1792. 
Happening to mention the reſult of it in a large | 
company in London, ſoon after my arrival there in 
the aurumn of the year 1795, I had the mortifica- 
tion to perceive very plainly by the countenances 
of my hearers how dangerous it is to promulgate 
very extraordinary truths. 1afterwards grew more 
- | cautious, and ſhould nat now have ventured to 
publiſh this account, had not the reſults of Expe 
riments equally ſurpriſing, which have been. made 
with the roaſter in the Kitchen of the Fou 
Hoſpital, been made known ta the Public. 
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Not only the roaſter, but the boilers alſo which 


ha been put up under my direction in the Kitchen 
of the FoundLino HoseiTaL, have been found 
to anſwer very well; and I am informed that ſe- 
veral other great Hoſpitals are about to imitate 


them. As I left London before the Kitchen of the. 


Foundling Hoſpital was entirely finiſhed, I do not 
know whether there are dampers to the canals by 


which the ſmoke goes off from the fire-places of 


the boilers, and from that of the roaſters, to the 
| chimney. If there are not, I could wiſh they 
might {till be added; and I would ſtrongly recom- 
mend it to thoſe who may be engaged in conſtruQ- 


ing Kitchen fire-places on my . never to 


omit them, 


| Oval graters of caſt i iron, in the form. of 2b | 


ſuch as I have deſcribed in the foregoing Chapters 
of this Eſſay, were. tried in the Kitchen of the 
Foundling Hoſpital, but the heat was found to be 


ſo intenſe that they were ſoon melted and deſtroy- 


ed; and we were obliged to have recourſe to com- 
mon flat grates, compoſed of ſtrong bars of calt 
iron. Perhaps the heat generated in the combuſ- 
tion of pit-coal is ſo intenſe, when completely con- 
| fined, (as it ought always to be in cloſed fire · places,) 
chat it will not be poſſible, where coals are uſed as 
Fuel, to uſe the hollow diſhing grates I have in- 
troduced in the public Kitchens at Munich, and 


which have been deſcribed and reopens in 


| 

| 
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i Of the Mwnngement of Fire 


Since my return to Bavaria, T have made ſeveral 
Due bene with grates compoſed of CD 
bricks,” placed edgewiſe, and 1 find that 


ber Tor that uſe fulf as well, if not better, Are 
Tron bars. 'By making bricks on purpoſe for this 


ufe, of proper forms and dimenſions, and compoſed 


of the beft-clay mixed with broken crucibles beaten 


to a cbarſe powder, Kitchen fire· places might be 


fitted up with them, which would be both cheap 


and durable, and as perfect in all other reſpects 


us any that could poſſibly de made, even were the 
moſt - eoftly en to Ds uſed. in their con- 


Jogger 
To diminiſh Ri farther the expence 1 9 


; a conſtruction of cloſed Kitchen fire-places de- 


Hgned for the uſe of poor families, the opening by 
which Puel is introduced might be cloſed with a 
brick; or with à flat ſtone; another brick, or 


one, might be made to ſerve at the ſame time as 


A regiſter and a door to the aſh-pit, and a third as 
-a damper to the chimney or canal for carrying off 


e ſmoke from the fire-place. 


I lately had an opportunity of fitting up a Kit- 
chen on theſe principles, in the conſtruction of 


| which there was not a particle of iron uſed, or of 


any other metal, except for the boiler. On the 


apres of the French army under General Mo- 


reau in Auguſt laſt, the Bavarian troops being 


afſemblet at Munich (under my command) for the 


defence of the capital, the town was ſo* full of ſol. 


diers, 


1 
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diers, that ſeveral regiments were obliged to be 
quartered in public buildings, and encamped on 
the rampant, where they had no conveniencies for 
.cooking.—For the accommodation of a part of 
them, four large oblong ſquare boilers, compoſed 


of very thin theet coppers well tinned, were fitted li 


up in a maſt of brick-work ia the form of a croſs; 
each' boiler with its ſeparate fire-place, communi. 
cating by double canals, furniſhed with dampers, 
ere common chimney, which ſtands in the 
'rentre af the cris. Ihe dampers are din flat 
tiles — the grates on which the Fuel is burned are 
compoſed of common bricks, placed edgewiſe; 
and the paſſages leading to the fireplace, and 10 
the aſh-pit, are, cloſed nme OS: 
to Lide ingrooves. 
| woda the been of each alles; which ih quite | 
flat, there are three flues, in the direction of Its 
length; that in the middle, which as as wide as both 
the others, being occupied by the burning Fuel. 
The opening by which the Fuel as introduced is at 
the end of the boiler farthef from the chimney ; and 
the flame running along the middle flue to the end 
of it, divides there, and returning in the two ſide 
flues to the hither end of the boiter, there riſes up 
into two other flues, in which it paſſes along the 
outſide of the boiler into the chunney. The boilers 
are furniſhed with wooden covers divided into two 
equal parts, united by hinges. In order chat the 
four boilers, may be tranſported with greater fa- 
. Place to place, (from one camp to an- 
| other 
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"other for inſtance,) they are not all preciſely of the | 
ſame ſize, but one is ſo much leſs than the other, 


that they may be packed one in the other. The 
"largeſt of them, which contains the three others, 
is packed in a wooden cheſt, which | is made juſt 
large enough to receive it. In the ſmalleſt may be 
packed a circular tent, ' ſufficiently large to cover 
them all. Ir the middle of the tent there muſt be 
a whole through which the chimney muſt - paſs. 
The four boilfrs, together with. the tent, and all 
: the apparatus and utenſils neceſſary for a Kitchen 
on this conſtruction for a regiment conſiſting of 
-1000 men, might eaſily be tranſported from place 
to place on an Iriſh car drawn by a ſingle horſe. 

I have been the more particular in my account 
of this portable Kitchen, as I think it would be 
ound very uſeful for troops in camp. The Right 
Honourable Mr. Thomas Pelham made a trial of 
one of them laſt ſummer for his regiment, (the 
Suſſex militia, ) and found it to be very uſeful, Ihe 
ſaving of Fuel was very conſiderable indeed; and 
the ſaving of trouble in cooking not leſs i important. 
Tze firſt Experiment we made together in a oo 
boiler, fitted up for the purpoſe i in the open air, in 
the middle of the enge of Lord'Pelham's 
houſe in London. 

I ought, perhaps to have refered PEI I have 
bee on the ſubject of theſe Military portable 
Kitchens for my next Effay, where it would more 
naturally have found its place; but being per- 
erg g of the great advantages that may be de- 
32 rived 
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rived: from them, I am unwilling to loſe a moment 
in recommending them to the attention of thoſe , 
who have it in their power to bring them into uſe. 
Thoſe who wiſh to know more about them may, 
I am confident, procure every information they can 
deſire reſpecting them, by applying to Mr. Pel- 
ham, or to any of the Officers of the Suſſex mi- 
litia who were eee the auc laſt ſum- 
mer. 
| There is one more invention for the 'uſe of 1. 
mies in the field, which I wiſh to recommend, and 
that is @ portable boiler of a light and cheap con- 
ſtruction, in which victuals may be cooked on & , 
march. There are ſo many occaſions when it 
would be very defirable to be able to give ſoldiers; 
haraſſed and fatigued with ſevere ſervice, a warm 
meal, when it is impoſſible to ſtop to light fires and 
boil the pot, that I cannot help flattering myſelf 
that a contrivance, by which the pot actually boiling 
may be made to keep pace with the troops as they . 
advance, will be an acceptable preſent to every hu- 
mane officer and wiſe and prudent general. Many 
a battle has undoubtedly been loſt for the want of 
a good comfortable meal of warm victuals to re. 
cruit the ſtrength and raiſe the ſpirits of troops. 
wy with hunger and exceſſive fatigue. 
But to return from this digreſſion. —The form 
of the two principal boilers. in the Kitchen of the 
FounDLing HoserTAL is that of an | oblong: | 
ſquare; that form which on ſeveral accounts I have 
1 to think 7 to all others for large 
| | boilers, 
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flue, in an oval diſh-grate ; and the flame running 
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boilers, but eſpecially on account of the factlity. of 
fitting them up with ſquare bricks, and of cleaning 


+ their flues, I firſt introduced in Ireland in ſeveral 
| fireplaces defigned for different uſes, which ] fit- 
ted up as models, in Dublin, during the viſit I 
made laſt ſpring to that country 


eee — 
Tue firlt of theſe oblong ſquare ballads fe that 


; which i is fitted up in the court-yard of the Linen · 


hall at Dublin, as @ model for bleachers : It is 8 feet 


wide, 10 feet long, and 2 feet deep; and it is furs 
niſhed with a wooden cover, which ſhutting down 


in a grdove in which there is a ſmall quantity of 


water, the ſteam is by theſe means confined in the 


boiler. This cover is moveable on its hinges, | 


which are placed at the end of the boiler fartheſt . 
from the door of the fire · place; and it is occaſion» 


ally liſted up by means of a rope, which goes over 
a compound pully which is Regs wee ts Dales 
at the top or ceiling of the room, 

Under this aller hin arcs dich bon 
in the direchen of its length, and are arranged and 


conſtructed in the ſame manner as the flues of the 
new Brewhouſe boiler which I lately fitted up at 


Munich.—(See Fig. 21, Plate V.) There are no 


flues round the outſide of this boiler; but the 
brick walls by which they are defended from the 
. eee bee e Epe gerd gh 
filled with charcoal duſt. 


Pi Tur -buris ar-the ther ead;of che middle 
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along in this flue under the middle of the boilet᷑ to 
the farther end of it, there divides, and returns in 
| the two adjoining flues: It then turns to the right 
and left, and going back again in the two outſide 
flues to the farther end of the boiler,” goes out 
from under it, there, in two canals, which ſloping 
upwards conduct it to the flues of a ſecond boiler of 
equal dunenfions with the firſt, where it circulates, - 
and warms the water which is ATR for refilling 
the firſt Boiler. 
| As theſe boilers are made of exceedingly. thin 

ſheet copper, and thin boilers are ſtronger to reſiſt 
the effects of the Fire, and conſequently more 
durable, than very thick ones, they both together 
caſt much leſs than one ſingle boiler on the com- 
mon conſtruction; and Mr. Duffin, Secretary to 
the Linen-board, who is a very active, intelligent 
man, and is himſelf engaged in a large concern in 
the bleaching buſineſs, ſhowed me a computation 
founded on actual Experiments which he himſelf 
made with this new boiler, by which he proved 
that the: ſaving of Fuel which will reſult from the 
general introduction of theſe | boilers in the bleach- 
ing trade throughout Ireland will amount to at 
leaſt fifty thouland pounds ſterling a year. 
In a lavnvDey which I fitted up in the houſs 
| belonging to the Dublin Society, (and which is.de- 
ſigned to ſerve as a model for Laundrics for private 
| gentlemen's famihies,): there are alſo two obleng 
fquare boilers, the one heated by the Fire, and the 
other KT and A after having 
2 circulated 
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circulated in the. flues under the ſecond boiler, ? 
paſtes through a long flue (conſtructed like hot- 
houſe flues) which goes round two ſides of the dry- 
ing-room, (which is adjoining to the wwaſhing-room,) 
aud then paſſing through the wall of the drying- 
room into the ironing-room, it goes off into an 
open chimney. - As the bottom of the ſecond 
boiler lies on a level with the top of the firſt, the 
- warm water runs out of the ſecond to refill the 
* firſt, by a tube furniſhed with a braſs cock, which 
greatly facilitates the filling of the principal boiler. 
The wooden covers of theſe boilers, which are 
double and moveable on hinges, are ſnut down in 
grooves in which there is water, and the ſteam 
being by theſe means confined, is forced to paſs off 
by a woaden tube ſtanding on a part of the cover 
which is faſtened down to the boiler with hooks, 
carries the ſteam upwards to the height of ſeven, or. 
eight 1 where it goes off laterally by another 
(horizontal) wooden tube, through the wall into 
the drying-room. As ſoon as this horizontal 
wooden tube has paſſed through the wall into the 
drying-room, it ends in a copper tube, about 
3.inches in diameter, which, lying nearly in a ho- 
rizontal poſition, conducts the ſteam through the 
middle of the drying-room in the direction of its 
' length, and through a hole in a window at the end 
of the room into the open air. 
Ihe ſteam in paſling through diodiyings room in 
a metallic tube, (which. is a; good conductor of 
beat): gives aff its heat 1 the ſides of the 
a tube 
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tube io be ar of the room, and the water which 
is condenſed runs off through the tube. By ſloping 
the tube upwards, inſtead of downwards; as by ac- 
cident it was ſloped, the condenſed water, which is 
always nearly boiling hot, when it is condenſed; 
might be made to return into the boiler, which 
would de attended with a . un and con- 
The furnace for heating the i irons uſed i in lnooth« 
ing the linen, (or ironing, as it is called, ) is a kind 
of oven built of bricks and mortar, the bottom of 
which is a ſhallow pan of caſt iron, 18 inches ſquare 
and about 3 inches deep, which is nearly filled 


with fine ſand. The Fire being made under this 


pan in a cloſed fire-place, as the ſand defends the 
upper ſurface of the pan from the cold air of the 
A e, the pan is commonly red-hot; and the 
irons, being ſhoved down through the ſand and 
placed in contact with this plate of red-hot metal; 
are heated in a very ſhort time, en ex- 
pence of Fuel. 

This contrivance might be, e 
cels for covering the hot plates on which ſauce-pans 
are wade to boil in many private Kitchens. Ys 

This ſtove, or oven, for heating the ſmoothing- 

| r. projects into the drying: room, but the door 
| the irons are, introduced, as. well as that. 
ating to the, fire place, and that leading to the 
aſh-pit, all open into the ironing-room. +a | 

The ſmoke goes off through the drying-room in 

an iron tube, and is Jn morning. 64 220 


in drying the linen. . 52300 
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As it may ſometimes be neceſſary to heat the 
drying room when neither the wafh-hovfe boiters 


nor the ſtove for heating the ſmoothing- irons are 


heated, proviſion is made ſor that, by conſtructing 


a ſmall cloſed fire-place, deſigned merely for that 
purpoſe, which opens into the flue, by which the 


ſmoke from the boilers is carried round the dry. 
ing - room. This fire-place (which is never uſed 


but when it is wanted for drying the linen) is 
fituated juſt without the drying-foom, under the 


end of the flue where it joins the ſecond boiler - 
The opening at the top of its fire-place, by which 


the flame of the burning Fuel enters the under 


part of the flue, is kept cloſed by a ſliding plate of 


iron, of damper, when this fire-place is not uſed 5 
and when it is uſed, the door which cloſes the 
opening into the fire-place of the firſt or prineipal 
boiler, and the mee in its aſh-pit door, are ** 
ſhut. | | 

That the top of the principal voller nigdt 666 


be too high above the pavement of the waſh-houlſe 


for the laundreſſes to work in the boiler without 
being obliged to go up ſteps or ſtairs, the grate and 


the bottom of the ffues under the boilet are nearly 
on a level wich the pavethent, and the aſhopit is 


ſank into the ground; and to render the approach 


to the opening into the fire· place more convenient 
in introducing the Fuel and Tyhting and manag- 


ing the Fire, there is an area before the ftre· place; 


| about 3 feet ſquare and 2 feet deep, ſunk in the 
ground, and walled up on its fides, into which 
N In two Fan 
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theſe vertical walls (hoſe on the right and left 
when you ſtand frontingythe fire · place) there are 
vaults, for containing Fuel, which extend ſeveral 
feet under the pavement. The ſteps which da- 
ſcend into this area are on the ſide of ir, —_ 
the fire · place. 

Areas of this kind are e very noceſſary for all Be- 
places for large boilers, otherwiſe the top of the 
boiler will neceſſarily be raiſed too high above the 
level of the pavement to be approached with faci- 


ty and convenience. Steps may be made, it is 


true, for approaching boilers which are placed 
higher; but theſe are always inconvenient, and 
take up more room, and coſt more than the execu- 
tion of the plan here propoſed for rendering them 

The areas before the ſire- place door of the large 
boilers in the Kitchen of the Foundling Hoſpital 
are occaſionally claſed: by trap-doors. As often as 
this is done there muſt be a number of fmall holes 
bored in the door to permit the air neceffary for 
feeding the Fire to deſcend into the :aſh-pit'; and 
when the bottom of the paſſage leading into the 
fire-place happens to lie above the level of the up- 
per ſurface of this tfap-door, the part of the door 
immediately under this opening, ſhould, to prevent 
accidemts from live. coals which may octaſionally 
fall out of the fire-place, be covered with a thin 
plate of ſheet-iron.' ' * 

When large boilers are fitted up in ſituations 
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the fre-place, the maſs of brick-work in which 


the boiler is ſet muſt be raiſed, and ſteps muſt. be 
made to approach it. When this is done, the up- 
per ſtep ſhould be made very wide, (at leaſt two 


feet,) in order that there may be room to ſtand and 
work in the boiler; and for ſtill greater conve- 


nience, the ſteps ſhould be continued round three 
ſides of the boiler, when the boiler ſtands in a de- 
tached maſs of brick-work. The bottom of the 
door of the fire-place, ſhould, if poſſible, be above 
the upper flat ſurface of the upper ſtep ; and to pre- 


ſerve the ſymmetry of the whole, the aſh-pit door 


may be in the front of the upper ſtep, and the paſſ- 
age into the aſh-pit, (which will be long of courſe) 
may deſcend in a gentle ſlope. In this manner the 


Kitchen of the — of a Pieta at Verona was 
. conſtructed. | | 
No inconvenience whatever N * increaſe 


of the length of the paſſage into the aſh- pit, except 
it be that very trifling one,. (which ſurely does not 


deſerve to be mentioned, ) — the increaſe of labour 


1 attending the removal of the aſhes ; but the incon- 


venience would be very. confiderable which would 
unavoidably attend the diſcontinuation, or breaking 
off, of the ſteps round the hither end, or front of 


the boiler, which would be neceſſary in order to be 


able to place the-aſh-pit door directiy under the fire- 


. place door, and to make a way to approach it. 


The ſlues under the principal boiler of the Laun- 
dry in the Houſe of the Dublin Society, are not con- 


Hired fo as OI og and cauſe it to cir- 


culate 
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- culate in #200 currents; they run from fide to ſide 
under it: the door of the fire-place is not in the 
middle, but on one ſide of the boiler, and near one 
end of it. The flame paſſing and returning (under 
the boiler) twice from its front to its oppoſite ſide, 
goes off at its end (that fartheſt from the fire- 
place) into a canal furniſhed with a damper, which 
canal, rifing upward at an angle of about 45 de- 
grees, leads to the flues under the ſecond boiler, 
The bottom of the flues of the principal boiler are 
juſt on a level with the pavement of the waſh-houſe ; 
and, in order that they may eaſily be cleaned out, 
and the bottom of the boiler ſcrubbed 'with a 
broom to free it from ſoot, the ends of the flues 
are, in building the fire-place, left open, and after- 
wards, when the boiler is ſet, they are cloſed by 
temporary (double) walls of dry bricks. To make 
theſe walls tight, the joinings of the bricks are 
plaſtered on the outſide with moiſt clay. 
- The fides of the boilers are defended from the 
cold air by thin walls of brieks covered with wainſ. 
cot, and by filling the ſpace between theſe walls and 
the boiler with pounded charcoal. Were I to. fit 
up theſe boilers again, I ſhould leave this ſpace 
void, or filled merely with air, forming ſeveral 
ſmall openings below, through which the flame and 
hot vapour from the flues might aſcend and ſur- 
round the boiler. In the large boiler fitted up in 
the Linen-hall as a model for bleachers, this altera- 
tion is alſo neceſſary to render it complete; and as 
it might be made in a few hours, and almoſt with- 
M3 out 
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out any Expence; J cannot ee * | 


rhat it might ſtill de done. 


The ardent zeal for tlie proſperity » of the cob» 


| try, and indefatigable attention to every thing that 
tends to promote uſeful improvement, which ſo 


eminentiy diſtinguiſh that enlightened patriot and 


moſt reſpectable ſtateſman, to whom the manufac- 
tures and commerce of Ireland, and the linen - trade 
in particular, are fo much indebteil, encourage me 
to hope that he will take pleaſure in giving his af- 
ſiſtance to render the models for improving fire- 

places and ſaving Fuel, which I have had theè ſatiſ- 
faction of leaving in Ireland, as free from dt a8 
they cam poſſibly be made. iS 

Though my ſtay in Ireland was too ſhore to con- 
firuſt models of all the improvements 1; wiſhed to 
have introduced in that delightful and moſt inte- 
reſting ifland, yet the liberality with which my va- 
rious propoſals were received, and the generous 
aſſiſtance I met with from all quarters, enabled me 
to do more in two months than I probably ſhould 
have been able to have effected in as many years in 
fome other older countries, where the progreſs of 
wealth and of ' refinements have remdered it ex- 


tremely difficult get ipeoplo „ een 


i 
I wiſhed much to ban deen able to have fited 
up the great Kitchen in the Houſe of Induſtry at 
Dublin, as the expence of Fuel is very conſiderable 
in that extenſive eſtabliſhment, where more than 
* perſons are fed daily, at an average; but not 
having 
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having time to finiſh ſo conſiderable an undertak- 

ing, I thought it moſt prudent not to begin it. 
fitted up one large boiler as a model at one end of 
one of the working-halls ; but this was. deſigned 
principally to ſhow how a large hall might be 
heated from a Kitchen fire-place, and from the very 
ſame Fire which is uſed for cooking *®. The 


ſmoke from the fire-place is carried along hori- 


zontally on one ſide of the hall from one end of it 
to the other ; and the boiler being cloſed by a-co- 
ver which is ſteam-tight, the ſteam from the boiler 
is alſo forced along from one end of the hall to the 
other, in an horizontal leaden pipe, which runs pa- 
rallel to the flue occupied by the ſmoke, and lies 
immediately over it. In warm weather, when the 
hall does not require to be heated, the ſmoke and 
ſteam go off immediately into the atmoſphere by 2 


3 adjoining to the fire-place, without paſſing | 


through the hall. 
To be able to equalize the heat in the hall, 
(which is very long and narrow,)—or to render it 


as warm at the end of it which is fartheſt from the 


fire-place, as at that next the Fire, I directed cloth» 
ing for the ſteam tube of warm blanketing to be 


made in lengths of three or four feet, to be occa - 


ſionally put round it and faſtened by buttons, 
By clothing or covering the ſteam tube more 


e be found neceſſary in thoſe parts of 
® This contrivance might eaſily be applied to the heating of has: houſes, 


even though the hot- houſe ſhould 80 to be fituated at a conſiderable 
diſtance from the Kitchen. 
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the hall where the heat is greateſt, the ſteam being 
by this covering prevented from giving off its heat 
to the air through the tube, will go on farther and 


wurm thoſe parts of the hall which otherwiſe would 


be not ſufficiently heated. The ſteam tube, which 

is conſtructed of very thin ſheet-lead, is about 3 
inches i in diameter, and inſtead of being laid ex- 
actly in a horizontal poſition, ſlopes. a little up- 
wards, juſt ſo much that the water which reſults. 


from the condenſation of the ſeam may return 


into the boiler . 
The horizontal flue through which the ſmoke 


paſſes is a round tube of ſheet-iron, about 7 inches 


in diameter, divided, for the facility of cleaning it, 
in lengths of 12 or 15 feet, fixed nearly horizon- 
tally at different heights from the floor, or, in an 
interrupted line, in hollow pilaſters or ſquare co- 
lumns of brick-work. A common hot-houſe flue, 


conſtructed of bricks and mortar, would have an- 


* I contrived a fire · place for beating one of the principal churches in 


4 Dublin on theſe principles with ſteam (but without making uſe of the 


ſmoke); and 1 promiſec to give a plan (which, 1 am aſhamed to ſay, I haye 
net yet been able to finiſh) for heating the ſuperb new building deſtined for 


| the meeting of the Iriſh Houſe of. Commons 


One of the two chimney fire-places, which I fitted up in the hall in which 
the meetings of the Royal Iriſh Academy are held, will, I imagine, be found 
to anſwer very well for heating high rooms and large balls in private houſes. 
In this fire-place I have endeavoured, and I believe ſacceſsfully, to unite 


| the advantages of an open fire with thoſe of a German love, The grate uſed 


in fitting vp this fire-place, and which is of caſt ron, and far from being 


unclegant j in its form, and which coſt only ſeven ſoillings and fixpence ferling, 
is decidedly the beſt adapted for open chimney fire=places, where coals are 


uſed as Fuel, of any I have yet ſeen. - By a letter 1 lately received from a 
friend in Ireland, 1 DN coming 
very faſt into general uſe i in that country. 
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frered equally well for warming the bel, bur 
would have taken up too much room, which. is the 
only reaſon it was not preferred to theſe iron tubes. 

In conſtructing the boiler, (which is of: thin 
ſheet-iron,) I made an Experiment which ſucceeded 
even beyond my expectation. The flues under the 
boiler—(and there are none round it)—are projec- 
tions. from the bottom of- the boiler ;—they are 
hollow walls of ſheet-iron, about 9 inches high, and 


an inch and three quarters thick, into which the 


liquid in the boiler deſcends, and which in fact 
conſtitute a part of the boiter. By this contrivance 


the flame is ſurrounded on all ſides, except at the 
bottom of the flues, (where the heat has little or no 
tendency to paſs,) by the liquid which is heated, 
and the fire- place is merely a flat maſs of brick- 


work. The grate is even with the upper ſurface 
of this maſs of brick-work, and the N is the 
only cavity in it. 

In conſtructing the boiler, proviſion was ads, 


by omitting or interrupting the hollow walls or di- 


viſions of the flues, in the proper places, to leave 
room for introducing the Fuel,—for the paſſage of 
the flame from one flue to another,—and from the 


laſt flue into the canal by which the ſmoke goes off 
into the chimney, or into the iron tubes by which 


_ the-hall is occaſionally warmed. 

One principal object which I had in view in this 
Experiment was to ſee if I could not contrive a 
boiler, which, being ſuſpended under a Waggon or 
other wheel carriage, 70 ſerve for cooking for 

troops 
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troops on à march; er which, being undi t 
dawn an the ground, en he e 
kindled under it. 

Thoſe who will ako aonie'ts/ nine be : 
| eller in queſtion, will find that the principle on 
Which it is conſtructed may eaſily be applied to the 

objects here mentioned. But it is not merely for 
portable boilers that this conſtruction would be 
found uſeful; I am eonvineed that it would be very 

advantageous for the boilers of ſteam- engines,. 
for diſtilleries, - and for various other purpoſes. 
As the eſcape of heat into the brick-work is almoſt 
entirely prevented, and as the furface of the boiler 
on which the heat is made to akt is greatly increaſed 5 
by means of che hollow walls, the liquid in the 
boiler is heated in a very ſhort ang d win 
imall quantity of Fuel. 15 
"There is ſtill another advantage A this 
| conftruttion, which renders it highly - deterving 
the attention of diſtillers. By making the tops of 
the flues arched inſtead of flat, (which may eaſily 
be done, and which is actually done in the boiler 
in queſtion,) or in the form of the roof of a houſe, 
zs the hotteſt part of the flame will of courſe always 
| occupy the upper part of the flues, and as the 
thick or viſcous part of the liquor in the boiler, that 
which is in moſt danger of being burned to the 
bottom of the boiler, and giving a bad taſte to the 
' ſpirit which” comes ,oyer, cannot well lie on the 
IH | convex or floping ſurface of theſe flues, there will 
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be leſs danger of an accident which diſtillers have 
hitherto found it extremely difficult to prevent. 

In conſtructing boilers on theſe principles for 
diſtillers, it will probably be found neceflary to in- 
creaſe very much the thickneſs of the hollow walla 
of the flues; and perhaps to make them even deeper 
than the level of the bottom of the flues, in order 
more effectually to prevent the thick matter which 
will naturally ſettle in thoſe cavities from —_ ex- 
poſed to too great a heat. | | 
A ſimilar advantage will attend Ari | 

ſtructed on theſe principles for making thick ſoups 
for hoſpitals ; theſe ſoups being very apt to burn 
to the bettoms of the boilers in-which they are pre- 
pared. 24,73 et too reels Yet 
I made another Experiment in the Houſe of 
Induſtry in Dublin, which I wiſhed much to have 

had time to have proſecuted farther. Finding that 
the expence for wheaten bread for the Houſe was 
very great, (amounting, in the year 1795, to no 
leſs than 38411. ſterling) I ſaw that a very con- 
ſiderable ſaving might be made by furniſhing thoſe 
who were fed at the public expence with oaten 
cakes, (a kind of bread to which they had always 
been uſed,) inſtead of rendering them dainty and 
ſpailing them by giving them the beſt wheaten 
bread that could be procured, as 1 found had hi- 
therto been done. But to be able to furniſh oaten 
cakes in ſufficient quantities to feed 1 500 perſons, - 
ſome more convenient method of baking them than 
that commonly practiſed was neceffary, a 
whi 
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which-the expence of Fuel might be greatly 


gre man 
With a view to facilitate this important change 
fo the mode of feeding the numerous objects of 
charity, and of correction, who were thut up toge · 
ther within the walls of that extenſive eſtabliſh- 
ment, I conſtructed what 1 would call a Perpetual 
Oven. 
In the centre of a ener, or rather cylindrical 
| maſs of brick-work, about eight feet in diameter, 
which occupies the middle of a large room on the 
ground floor, I conſtructed a ſmall circular 
cloſed fire- place for burning either wood, peat, 
turf, or coals. The diameter of the fire-place is 
about eleven inches, the grate being placed about 
ten inches above the floor, and the top of the fire- 
place is contracted to about four inches. Immedi- 
ately above this narrow throat, ſix ſeparate canals 
(each furniſhed with a damper, by means of which 
its opening can be contracted more or leſs, or en- 
tirely cloſed) go off Horizontally, by which the 
flame is conducted into fix ſeparate ſets of flues, 
under fix large plates of caſt iron, which form the 
bottoms of fix Ovens on the ſame level, and joining 


each other by their ſides, which are concealed in 
"the cylindrical maſs of the brick-work. Each of 


theſe plates of caſt iron being in the form of an 
_ equilateral triangle, they all unite in the centre of 


- the cylindrical maſs of brick- work, conſequently 


the two ſides of each unite in a point at the bottom 
of it, forming an angle of ſixty degrees. | 
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The flame, after circulating under the bottoms 
of thefe Ovens, riſes up in two canals concealed in 
the front wall of each Oven, and ſituated on the 

right and left of its mouth, and after circulating 
again in ſimilar flues on the upper flat ſurface of 
another triangular plate of caſt iron which forms 
the top of the Oven, goes off upwards by a canal 
furniſhed with a damper into a hollow place, ſitu- 
ated on the top of the cylindrical maſs of the 
brick-work, from which it paſſes off in a hori- 
zontal iron tube, about ſeven inches in diameter, 
ſuſpended near the ceiling of the room, into à 
chimney ſituated on one ſide of the room. : 

Theſe ſix Ovens, which are contiguous to each 
other in this maſs of brick-work, are united -by 
their ſides by thin walls made of tiles about 1+ 
inches thick, and 10 inches ſquare, placed edge- 
wiſe, and each Oven having its ſeparate canal, fur- 
niſhed with a regiſter communicating with the 
fire-place, any one or more of them may be heated 
without heating the others, or the heat may be 
turned off from one of them to the other in conti- 
nual ſueceſſion; and, by managing matters pro- 
perly, the proceſs of baking may be uninterruptod. 
As ſoon as the bread is drawn out of one of the 
Ovens, the Fire may immediately be turned under 
it to heat ĩt again, while that from under which the 
Fire is taken is filled with undaked -loaves, ang: 
eloſed up. 

A principal object which 1 had in-view in em- a 
ſtructing this Oven was to prevent the great loſs of 
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heat which is Oceaſioned in large "Ovens, by keep- 
ing the mouth of the Oven open for fo conſiders 
able a length of time as is neceſſary for putting in 
and drawing out the bread... As one of theſe fmall 


it may be charged, or the bread when baked may 


de drawn, in a moment; and, during this time, 


the other five Ovens are kept cloſed, and conſe- 


quently are not lofing heat; one of them is heat · 


ing, while the other. four are filled with 1 in 
different ſtages of the proceſs of baking. 
When I conſtructed this Oven, though 1 had 


15 doubt of its being perfectiy well calculated for 


the uſe for which it was principally deſigned, — 
baking oaten cakes, which-are commonly baked on 
heated iron plates, yet L was by no means ſure ft 
would anſwer for baking common bread in large 
thick loaves. I had not made the Experiment. 
And though I could not conceive that any thing 
more could be neceſfary in the proceſs of baking 
than haut, -und here I was abſolutely maſter of 
every degree of it that could poſſibly be wanted, 


and cauld even regulate the ſucceſſion. of different 


degrees of it at pleafure, I thought it probable that 
fome particular management might be required in 
baking bread in theſe metallic ovens, a knowledge 

of which could only be acquired by experience. 


What ferved to ſtrengthen theſe ſuſpicions was a 


diſcovery which had accidentally been made'by the 
cook of the - Military Academy. In the courſe of 
5 * 1 my Roaſter is ad- 
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mirably well calculated for baking pies, puddings, 
and paſtry of all kinds . provided however that 
the Fire de managed in a lertain may; for wh 
the Fire is managed in the fame manner in whicks 
ought to be managed in roaſting meat, pies and 
paſtry will abſolutely be ſpoiled; After repeated 
fallures and difappointments, and after having-loſt | 
all hopes of ever being able to fucreed in his at 
temnpts, the ek (by mere aceldent, as he affured 
me) diſcovered the important ſecret ;—and import 
ant he certainly conſiders it to be, and ſeaa n 
frialt degree of: fatisfaction, — not to ſay pride, — 
in having been ſo fortunate as to make the difs 
covery. He muſt pardon me-if I take the liberty | 
even without his permiſſion.—to publiſh f it 2 | 
the worle for the good of mankind, 

The Roſter mug be. well heated before. 1 
paſtry are put into it, and the blowers muſt re 
quite thſed, during the proceſs. 

1 have lately found that by uſing Gade penn 
tions, bread may be perfectly well baked in metal li 
Ovens, fimilsy to that in the Houſe of - ry 
Dublin, 

Thinking is more than probable. that —_ 
might. be deviſed for managing the heat in ſuceh 
manner as to perform that ;proceſs. in Ovens od - 
ſtructed on theſe principles, and heated from withs 
out ; and conceiving that not only a great ſaving - 
of Fuel, but ulfo ſeveral other very important ad- 
vantages, could not fail to be derived from that: 
nn. on my return to Munich from England, 

in 
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in Auguſt laſt, I immediately ſet about making Ex- 
_ periments, with a view to the inveſtigation of that 
ſubject; and I have ſo far ſucceeded in them, that 
for theſe laſt four months my table has been ſup- 


pflied entirely with. bread baked in my own houſe, 


by my cook, in an Oven conſtructed of thin ſheet- 

| ”_ which is heated (like my Roaſters) from with- 
—and I will venture to add, that I never taſted 

8 bread. All thoſe who have eaten of it have 
| unanimouſly expreſſed the ſame opinion of it. It 
is very light, —moſt thoroughly baked without be- 
ing too much dried, and I think remarkably well- 
taſted. The loaves, which are made ſmall in order 


that they may have a greater proportion of cruſt, 


(which, when the bread: is baked in this way, is 
ſingularly delieate,) are placed in the Oven on cir- 
4 plates of thin ſheet · iron, raiſed about an inch 
on lender iron feet. Were the loaf placed on the 
bottom of the Oven, the under cruſt would pre- 


{ently be burnt to a coal, and the bread ſpoiled. 


A precaution abſolutely neceſſary i in baking bread 


in the manner here recommended, is to leave a paſ- | 


fage for the ſteam generated in the proceſs of bak- 


ing to eſcape. This may be done either by con- 


ſtructing a ſteam-chimney for that purpoſe, fur- 
1 or ſimply by making a re- 
giſter in the door of the Open. 
| As thisis not the proper place to enlarge on this 
ſubjeR, I ſhall leave it for the preſent ; but I can-. 
not help expreſſing a wiſh, that what I have here 
| advanced may induce others, eſpecially Bakers, 
who 
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tion of theſe intereſting and important W 


tions, to turn theif attention to them. 


- How exceedingly uſeful would my Roaſters be, 
* Ovens conſtructed on the principles here re- 
commended, on ſhipboard! Having ſerved a cam- 
paign (as a volunteer) in a large fleet, (that com: 
manded by Admiral Sir Charles Hardy in the year 
1779,) arid having made ſeveral long ſea voyages, 


T have had frequent opportunities of ſeeing how 


difficult it is in bad weather to cook at ſea; and it 


is eaſy to imagine how much it would contribute to 


the comfort of ſeafaring people, eſpeoially at times 
when they are expoſed to the greateſt fatigues and 
hardſhips, to enable theni to have their fables wee 
N with warm vials, 


In order that the motion of the veſſel might not | 


er any part of the apparatus uſed in the pro- 


ceſs of cooking at ſea in my Roaſters, the form of 


the Roaſter ſhould be that of a perfect cylinder- 
and the dripping-pan in which the meat is placed 
ſhould be a longitudinal ſection of another cylinder; 
leſs in diameter than the Roaſter by about an inch, 


and ſuſpended on two pivots- in the Axis of the — 


Roaſter, in ſuch a manner that the dripping- pan 
may fwing freely in the Roaſter, without touching 
its "ſides. The Rosſter Thould be placed in the 


brick-work, with its, axis in tlie direction of the 
length of the ſhip'; and to prevent the gravy from 


being thrown out of the dripping- pan when the 
veſſel pitches, its hollow my would be divided 


Vor. oo | N 9 into 
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who may find their own advantage in the proſetu- 


178 Of the Management of Fire, 
into a number of eompartments, by partitions run 
ming acroſs it from fide to ſid e. 
It remains for me to give Owe account of - the 
Kitchen which I fitted up in the Houſe of the Dub- 
lin Society, as'a model for private families; and 
alſo of a Cottage Fire-place, and a{Lime-kiln, which 
I conſtructed, as models for imitation, i in the court- 
yard of that public building. 
Wich regard to the Kitchen, it is neceſſary that I 
ſhould remark at ſetting out, that it was not intended 
ſo much to ſerve as a model complete of a convenient 
Kitchen for a private family, as to diſplay a variety 
of uſeful inventions, all or any of which may at 
pleaſure be eaſily adopted, in Kitchens of all kinds 
and of all dimenſions. , I thought this would be 
more uſeful than any ſimple WT of a Kitchen 1 
could contrive. 4 
It is however à very complete küchen; and 
though there are ſome contrivanges belonging to 
it which might have been omitted, yet they will 
all, I am confident, be found uſeful for the different 
purpoſes for which they were particularly deſigned ; 
and; in à Kitchen for a large k. Wa. N 
come into uſe. 
N 8 diſpotion of the various parts of 
s Kitchen I conſider as being quite perfect. It 
- fame as that of the. Hoſpital. of Ia. Pita at 
N and of à very complete private Kitchen 
which was built about tup ears age at Monich, 
under my direction, in the houſe of BARON LEn- 
em. Steward * the ä r 
| 2 
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Mosr Szxene Hionwess THE ELeetor Ih my 
next Effay, which will treat excluſively of the Con- 
ſtruction of Kitchen Fire- places, and of Kitchen 
Utenſils, I ſhall give a particlar detailed account 
of the manner in which the various Boilers, Steam 


boilers,-- Saucepans,—Oven,- Roaſters, &c.- are 


_ diſpoſed and connected in the mafs of btick-work 
in thefe Kitchens; and ſhall accompany theſe de- 
rden with a fſſcient number of Plates to pen 
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model, in the court-yard of the Houſe of the Dublin 


Society, was not quite finiſhed when I left Ireland 
but an idea may be formed from what was done of 
the general principles on which ſach Fire-placesmay 
be conſtructed. On each fide of the open ehimney 
ire- place, (which being ſmall, was buile in the 
middle af one much larger, which was conſtrutted 
to repteſent a large open Fireiplace, ſuch as are now 
general in Cottages, I fitted up àn Irom Pot on a 
peculiar conſtruction, caſt by Mr. Jackſon of Dub- 


lin, and deſigned for the uſe. of a poor family in 
cooking their victuals. This Pot is nearby of a 


cylindrical form, about ſixteen inches ir diameter, 

and eigdt hches deep; anch under its bottom) which 
s quite flat, there is a thin ſpiral projeAtony whieh 
Dee the Pot, and ſerves laſtead of feet ts 
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it, the turns of which, when the Pot is ſet down 
on a flat ſurface, form a ſplral flue in which the 


flame circulates under the bottom of the Pot. This 
projection, which is near half an inch thick where 
it is united with the bottom of the Pot, and leſs 


than a quarter of an inch below where its lower 


edge reſts on the ground, is about four inches wide, 

or rather deep. This projection was made taper- 
ing, in order to its being more eaſily: caſt. To de- 
fend the outſide of this Pot from the cold air, the 


Pot is incloſed in a cylinder of thin ſheet iron, equal | 


in diameter to the extreme width of the Pot at its 
drim,—jult s high as the depth of the Pot and of 
its ſpiral flues taken AAA. The Pot is faſtened 

do this cylindrical caſe by being driven into it with 
force; a rim in the form of a flat hoop, about an 


inch and an half deep and a little tapering, being 


caſt on the outſide of the Pot at its brim, the exter- 


nal ſurface of which was fitted exactly into the top 


of this cylinder. This projection is uſeful, not only 


in uniting the Pot to:its cylindrical caſe; but alſo 


40 keep this cylindrical caſe at ſome ſmall diſtance 


a ' from: the ſides of the Pot, by ere benen 


s more effectually conſined 1 

Jo be able to move about thisPot from er to 
Weid dane handles which are rivetted to the 

outſide of its cylindrical caſd; "Und it is 

with a wooden Covers e e 163! 

Lam ſenſible that I often ee, e, 104 

- ficiſ by anticipating what would more naturally 
5nd its place e But what Irhaue here 


ſaid 
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ſaid in regard to this Iron Pot is intended merely as 
hints to awaken the curioſity and excite the atten - 
tion of ingenious men, —of ſuch as take pleaſure 
in exerciſing their ingenuity in contriving and per- 
fecting uſeful inventions, and who delight in _ 


ITY. the _—_ of human 2 


1 ade] of a F Lin Ali, 


Tus re objeſts principally. had l in view: 
in the conſtruction of this Lime-kiln (which. ſtands 
in the: court-yard of the Dublin Society) were, 
firſt, to cauſe the Fuel to burn in ſuch a manner 
as to conſume the ſmoke, which was done by oblig - 
ing the ſmoke to deſcend and paſs through the Fire, 
in order that as much heat as poſſible might be ge- 
nerated. —Secondly, to cauſe the flame and. hot. 

vapour which: riſe from the Fire to eome into con- 
tact with the lime. ſtone by a very large ſurface, in 
order to eeonomiſe the heat, and prevent ats going 
off into the atmoſphere; which was done by max- 
ing the body of the Kiln in the form of à hollow , 
truneated cone, and very high in proportion to its 
diameter; and by filling it quite up to the top with 
lime _ the Fire being made to enter nen the 

* Thirdly, to make the proceſs of burtiag in lime ey . 

petual, in order to- prevent the waſte of heat which 
unavoldably attends the cooling of the Kiln in 
emptying and filling it, when, to perform th that ope- . 
—_ it is neceſſary to put out the Fire. ee, , To 
| N3 "Andi . 
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And, fountly, to contrive matters ſo that the 


limo which: the proceſs of burning is jug firiſbed, 
and which of courſe is ſtill inten/ely hot, may, in cool- 


ing, be made to give off its heat in ſuch a manner as 


to aſſiſt in heating the freſh quantity of cold lime- 
ſtone with which the Kiln is repleniſhed as often. as 
a portion of lime is taken out of it. 


To effectuate Nu purpoſes, the Fuel is not 
0 


mixed witli tlie limè· ſtone, but is burned in a cloſed 
fire · place, hich opens into one ſide of the Kiln, 
ſome diſtance above the. bottom of it. For large 


Lime kilus: on theſe principles there may be ſeveral 
fe · placex, all opening into the ſame cone, and 


ſituated on different ſides of it; which fire- places 


may be conſtructed and regulated like the fre- 


places of the mann een abe ne eee 
laine. bas gan 


"ink che battemn-o£4h6 Kiln übe is d dee, whigh 
is occaſionally opened to take out the lime. 
| Wben in conſequence of a portion of Ive be- 
ing drawn out of the Kiln, is contents ſettle down 
ar ſubſide, the empty ſpace. in the upper part of the 


Kin, iich is oecafioned by this ſubſtraction of the 


burned ee eee e up with freſh 
lime-ſtane,. MES „ 4 

eee 
door by which it is removed muſt be immediately 


ſhut, and the joinings well cloſed. with moiſt clay, 


to prevent a e cold ain through the Kiln. 
A ſmall opening 


r ea menace 


"ba 


ee ee 


and the Economy of Fuel. 183 
As the Fire enters the Kiln at ſome diſtance from 
the bottom of it, and as the flame ri/es as ſoon. as 
It comes into this cavity, the lower part of the Kiln 
(that below the level of the bottom of the fire-· place) 
is (occupied by lime already burned, and as this 
lime is intenſely hot, when, on a portion of lime 
from below being removed, it deſcends into this 
part of the Kiln, and as the air in the Kiln, to 
which it communicates its heat, muſt rie unn 
in cenſequence of its being heated, and paſs off 
through the top of the Kiln, this lime in cooling is, 
by this contrivance, made to aſſiſt in heating the 
freſh portion of cold lime-ſtone with which- the 
Ein is charged. To facilitate this communication 
of heat from the red hof lime juſt burned: to the 
lie- ſtone above in the upper part of the Kiln, a 
gentle draught of air through the Kiln from the bot - 
tom ifo the top oi it muſt be eſtabliſned by leaving 
auiopening in the door below, by which the cold 
air fm without may be ſuffered to enter the Kin- 
This opening (which ſhould be furniſhed with ſome 
lind of a: regiſter) muſt be very ſmall, other wiſe 
it will oocaſibm too ſttong a draught of cold air nt 
the Kiln, and do more harm than good; and i 
win probnbly be found. to be beſt to cloſe it en- 
tlrely, after the lime in the lower part of the Kiln 
has parted with a certain proportion of its heat. 
Conceiving the improvement of Lime-kilns to be 
a matter of very great national importance,” eſpe- 
| cially ſince the uſe of lime as manure. has betome 
72 e L intend to devote the firſt leiſure time 
N 4 | I can 


184 Mal Management e Fire, 
I can ſpare to a thorough inveſtigation of that ſub- 
ject ;—in the mean time, I have here thrown aut 
the looſe ideas I have formed reſpecting it, in order 
that they may be examined, corrected, and im- 
proved upon by others who Wes be engaged 3 in he 
| lame purſuits.  _ 4 | 
The model I Waal t to be conſtructed Fg the - 
court-yard of the Dublin Society, i is, I am ſenſible, 
very imperfect. It was built in a great hurry, 
Nag begun and finiſhed the ſame day, the day 
but one before I left Ireland; — but I am now en- 
gaged in conſtructing a Lime-kiln on the ſame-prin- 
ciples, (for the uſe of the farm in the Engliſh Gar- 
den at Munich,) which I ſhall take pains: to make 
as perfect as poſſible; and ſhould it be found to 
anſwer as well as I have reaſqii to hope it will, 
I ſhall not fail to give a particular account of it to 
the Public, accompanied with drawings, and all the 
details which ſhall be neceſſary in order to give the 
moſt Rey account of the reſult of the r | 
riment. | 
Thee e e will be than more intereſting 

and their reſults more generally uſeful, as the dif- 


covery of a mine of Pit-coal in the neighbourhood 


of Munich, which is now worked with ſucceſa, 
has put it in my power to uſe coal As Fuel, as well 
as wood and turf, em 
be amn man this Nil. 
For the information of thoſe. who may de dil 
poſed to engage in theſe purſuits, I have publiſhed 
1 ſketch of the Lime-kiln in 150 
| | 79 
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which is now actually building (ſee Plate VI.). 
I thought it right to do this, that we might ſtart 
fair; and I can aſſure my competitors in this race, 
TIE TRE RY Og Ol ES 


me. 

If I do not e myſelf, the laudable exertions 
of others afford me almoſt as much pleaſure as 
my own purſuits ;—at leaſt I am quite certain that 
when I can flatter myſelf that I have had any. 
even the ſmalleſt ſhare,—in exciting thoſe exertions, 
the ſatisfaction I feel in contemplating them is in. 
* eſſible. Reit | 
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PLATE! 1. n det 


10. 1. A view of a double cover "hs a 5 
faucepan. n e e CT 
enters the boiler, and the tube by which the ſteam 
goes off is Teen in part (ab Re ind een 
dicated by dotted lines. 805 Page 18. 128. 


2 eln. 

Fig ene this. cover Hired en iet bolt 
Part of the ſide of the cover is repreſented as want- 
ing, in order that the ſteam tube might be better 
ſeen. The height of this bover is repreſented as 
being equal to one-half. its diameter; but I have 


found Lee of its diametet quite ſufficient £ ar 
its height. Bens wh thi 1 0 4 
«3 >. 35e 2 ; 233" JT Ck 4 


Fig n are views of m Sr 
ang git for Kitchen plu They 
may be e 'of unf Le, Fein © ices" 18 
inches in diameter, according to the ſize of the 
boiler. The re e ver: E | 
determining the ſize proper for the grate fer 
(circular) 1 T bac id b 7 — 
equal to bal the Eawerer of che holler at the binn 
{Fer . whip 


nen 
roy hich s e amodgh age 


188 Deſeriptlen V. Plates. 

its brim being made to receive the circular rim of 

| = _ When the fire-place is large, this in- 
may: be. made of fire: ſtne, or con- 

el 0 of bricks and mortar. For ſmall fire- 

places it may be made of earthen ware, which is 


perhaps the very heſt 7Taterial for it that can be. 


found. (See page 43.) 


2 +, fig. 7, and Fig 8 $ + are views 84 
of 2.,per orated tile, With its ſtopper, ſuch as are 
uſed. for cloling. the entran e by which the Fuel is 
intrôduted into cloſed Kitchen | fire; places. The 
| 3 of the circular opening, or hole in the 
tile, may be en a 7 inches; (Ses page 36.) 


IOW 28 hat 31 1795 IT 21 T3 2/15 10 SD ON) ; 18 1 
0nd 99 in gie 1 991+ 58550 1017 e eee 1 aA 
28 os | PLATE, II. 4 A ar 8581 


cf I 2 tous 7 om No. 908 80 Ke. 16 40 
this e, ſhow the — 2 4 of an alle pit dor, 


Vith its regiſter. (See page 31. . 

N . * S 1 wr 
"ok of 2 is a front "view, of the Fn nk k its. re- 
| giſter, e whole. 18 Lonſſructed. of 7 8 5 
18 5 e four marrg pieces at th r pale 


Fa 0 0 . the cxxculay plate of 

158 is ee ro 0 155 

, wi C/ Ty Aon * pe q regilt | 
Me: mad 6. ace 
not being ſo * 5 e 


C1 234 3G) 


19 is aſide view of, the! backſide of the dqor, 
Gille 8 in \ which "the manner of its ber 


Hes wt in irs 


12 


2 8 a, b, 


ae en. + And the ion ſtraps; 


| Daferipfien if lates 5 139 t 


a; 5, r, d, wi; by which th frames tne 
in the brick-work. 4 


Fig. II is an horizontal ſe&ion 3 ke 
middle of the door and' its frame, and ne 5 
button which, ſerves for ſhutting | the door. 


aA 


Fig: 12 is a ſection of this button, om an ven- 
larged: ſcale, OA the: manges in. e it i is 
conſtructed. | * 22 


Fig. 13 is the plate of üb which forms the 
front of the door, with the holes in it, by which the 
other parts of the machinery are fixed to it. ** Fi 


| Fig. 14 is the circular plate which- 2 the re· 

giſter — to this plate is fixed a projecting knob, or 
button, * in the e by witeh.4 it is 

e about. Fu 2% Wi, 


Fig. 15 and Fig. 16 tho: on an . 
dne of the four pieces of braſs by which the circulat 
plate of the. regiſter is kept down in its e 

In conſtructing theſe. regiſter doors, and in ge: 

nexal all i iron, doors for fire. places, great and ſmall, 
the door ſhould never ſhut in a rabbet, or groove, 
in the frame, but ſhould merely fe down on the 


„% we 


on the far 5 of a large flat 55 ſhould Ys: 
made. quite level to receive it. If this be. — 4 
and if the plate of iron Which conſtitutes the door 
be made quite flat, and if it be properly fixed, on its 
hinges, the door will always ſhut with facility and 
cloſe the ppening with preciſion, notwithſtanding | 


| the 


1gs . Deferiptiot & the Plater: 


2 the effects of the expanſion of the metal by heat; 


but this cannot be the caſe when the doors of fire- 
es are fitted in grooves and rabbets. 


" "Where the heat is very intenſe, the frame of the 
àͤ dor fhould be made of fire-ſtone ; and that part of 


the door which is expoſed naked to the fire ſhould 
be:covered either with a fit piece of fire-ſtone, faſt- 
_ened to it with clamps of iron, or a ſufficient num- 
ber of ſtrong nails, with long necks and flat-heads, 
ot of ſtaples, being driven into that fide of the plate 
ol iron which forms the door which is expoſed, 
ſhould be covered with a body about 2 inches thick 
of ſtrong clay mixed with a due portion of 
coarſe; powder of broken crucibles, which maſs 
will be held in its place by the heads of the 
mils and by the projecting ſtaples. This maſs 


being put on wet, and gently dried, the cracks 


being carefully filled up as they appear, and the 


whole well beaten together into a ſolid maſs, will, 


when properly burned on by the heat of the fire, 
form a covering for the door which will effectually 
defend it from all injury from the fire; and the 


 _ door ſo defended will laſt ten times longer than it 


would laft without this defence. 

The inſide doors of the two Brew. houſe Fire- 
places which 1 have fitted up at Munich are both 
defended from the heat in this manner; and the 


., contrivance, which has anfwered perfedly all that 
was expected from it, has not been found to be at- 


nen wir any l whatever. d 
+ PLATE 


ET 


Don of the run. 191 


* , 2 . © 
boy eint Ne Dh 


rd 1 2 "PLATE. . xt; it ie, 
Fig - 1) is a front view of the new boiler of the 9 
brew-houſe called Neuheuſel, or rather of Its fire- 4 
place and cover (the boiler being concealed i the = 
briek-work). The inſide door of the flre- place is 
here repreſented ſhut ; and, in order that it 
appear, the outſide door is takers off ts Hinges, aud 
is not ſhown. The two vaulted galleries, A, B, in 
the ſolid maſs of the brick-work, on the riglit and 
left of the fire-place, (which; were made to fave 
bricks,) ſerve for holding fire-wood. The partition 
walls of the fire-place and the different flyes,—as 
alſo a ſection of the boiler,” are repreſented by dot- 
ted lines. The ſmall circular hole on the left of 
the fire-place door ii the winddwi opening into. the 
CN 258 the burning Fuel may be ſeen. Fay: 
@, b, is curb of the boiler : VI OE... 
quran on N the men fand when they work — 
emptying g the Holler &c.:,e, ,n is à platform 
which eryes as à paſlage from one ſide of the 
to the 3 es platform, which i 18 about 
18 inches wide, is 12 inches higher than the other 
platforms, in order that the openings 2 and b, into 
| e flues, may remain free, Theſe openings, which 
; are wo only occaſionally, that is ta ſay, when 
the ftacs want cleaning, are kept cloſed by double 
Brick-walls. Theſe walls are . in the fol. 
towing Figure. 


„ — 18. a This is a horizontal don of the fre- 
5 Ry at a level with the n of the boiles; 
a, a, 


1 bahn of the Plate. SER 


4, 2, a, a, are four openings by which the ues, 
which, in the firſt arrangement of this fire- place, 
went round the outſide of the boiler, was octa- 
'  fionallycleaned:, 5 is the comal by hien the ſmoke 
| vent off i into the chimney: | 

-: The entrance into the Canaan: un the conienl 
ration in the wall of the fire-place which ſerves 
25.3 window for obſerving the fire, are marked by 
12 Eo 5 poſition of the outſide door of 
e place is fir Braga by a dotted line, 3 d. 

: . ne grate. is ſeen in its place; 2 
the walls of the, Si ky under the boiler are all K 
The crooked arrows in the flues: , N 
of en un Page oe) > 


| SE - PLATE W. 


IM a Gl ſection of the FER 
ſented in the foregoing. Plate (Fig. 17. J. _ This ſec- 
tion. is 1 through the middle of. the boiler, of 
the fire and of the'cover of the boiler. © - A l 
| the aſh-pit, with a ſection of its regiſter door. B.is 
the fire-place, and its circular diſhing-grate. Ci 
ihe entrance by which the Fuel is introduced, with 
ſections of its two doors. D is a ſpace left void to 


Lad 
* 


fave bricks. E is. the, boiler, and F its. wooden 


1 ” * 


"with 3 damper... R, R, is the vertical wal of the 
houſe againſt which the brick- work i in which the 
boiler is fixed is placed. 


— an de dabei in hich the bole is 


"44 ade 7 1 
% mY -- 


yp as — 7 The 


* 
1 


* 


r a s/o 


=, & 


2 


* 


S . 


— 


taken on à level with the bottom gf the ue which 


Deſeridite ef the Ren-. gs 
manner which th Erbe baer is 
ructed, E its gory Agri 


S800 which echg ür are all fen If | 
in this Bigure. - | * * 


5 e act 


goes round the outſide of the boiler, — how 
oa the fire-place was altered, the fame Fire- 


lated. The flues under the boiler are, in chis 


Fi by dotted 
igure, indicated by IM 
PLATE V. 


"i 6144/6 8 horizon ion 4 
,hrowhoule bœrter, 24.2 level wich e top 


of 
of the flues under the bailer afer the fic round the 
outfide of the boiler bad brenftepted hr gf röther the 
flame prevented from cirgulating is it, Jdis.Kir 


gue ſhows the 3Qual ſtam af dhe Breil ar dh 


preſent time. (See page 1269 ie bein 
The crooked arrows ſhow: the UreQion of, the 


fame, in the fluss. a, þ, agg ge dg 


anale (Seh 
of which is furniſhed with & gar) h Which. 
ſmoke goes gff into the ghimey i anti. f. & 6%, 


c, e, arg fix, ſmall. apgpings. communicating Wich 


the flues, (by, which: the, famg; ap hop vapour can | 


pals up inis the cavity on the quilige, of the. haller 


ed formerly Feryed 28 2. flu... 


Fig: an irn, view of the he -dagr 0. 
this brewhouſe fire-place, with its regiſter. .-Thig 
door is cloſed -by aneans of a latch of a particular 


. be 
„5. 1, | Fig. 


16 — Dyripim of the P. 
ks az in the door without its regiſter and 


This afh-pit door ſhuts againſt t the front edge of 
| its frame, and not into it; the reaſons for pre- 

ferring this method of fitting the door to its frame 

have already been explained. (See e of 
the TIRE 6 Bip 7 | 


-0- © pe + 


l vi. 


Fig. 25 is a bediene 4 find ne a, byil 


or rather now building, dt Munich, for the ; purpoſe 


of making experiments. Abe height ofthe Kiln is 


15 erz. its mern diameter below, 2 feet, and 
above, 9 inches. I6.0hdeÞ Mörb Effi to con- 
fine the heat, ts walls ie are of bricks and very 


- thin; #$\gouble; and che cavity between them is 


filled with dry wood  athes.” To give greater 
Airength''to- the fabric; theſe two walls are con- 
nected in different places dy. horizontal liyers' of 


FAS e e nee ee 


2 45 the circular pin of he waer . 


, is the opening by which' the fuel 3s put *y 


the fire-plare.”" Through this! opefing”the-ajr de 
| nich feeds the fire. The "+; place is re- 
prefentet nearly full of Gals, and chic Bats 'paſſity 
off laterally into the cavity of the kiln; by an 


* „-in ochun 
The ee by which Helden ine 
mh = 


E 3 


7 


; Ing made for that purpoſe at the bottom of the fre 


, 3s 6. ike cc... 


1 regulating the fire. 


A ſeQtion of this plate, and ofthe chainby which 


it is ſupported, are ſhown in the Figure. 

5 i an opening in the Font wall of the firg-place, 
which ſerves occaſionally for cleaning out the fires 
place, and the opening by which the flame paſſes 
from the e into the kiln. This 

which muſt never be quite cloſed, ſerves like wiſe 


for admitting a Imall quantity of air to paſs hori- 2 


zontally into the fire- place. A ſmall proportion of 
air admitted in this manner has been found to be 
uſeful and even neceſſary in fire-places in which, 


in order to conſume the ſmoke, the flame is made 


— n 


The bottom of the is a . wid 
ituRted' of bricks placed e and under this 


drate there is an aſn- pit; but as no air. imuſt Ee 
| omg Nr 


place, 8 conſtantly eld ſed 
— on — remove thie aſhes; 


d is the opening by which the Aimé is taken ot 


of the kiln; which muſt be kept welt 


cloſed, in order to prevent a mae of coli * 


through the kiln, 
As only ag much lime muſt, be removed at once 
as is contained in that part of the kiln which les 


| below the level of the bottom of the fire-place, to - 


be able to aſcertain when the proper quantity is 
| | taken 


ir6n, moveable on hinges 3-which plate, by being 
lifted up more or leſs e e mod 


* 
- 3 


ns. — 


— ́ L 56,comes: outof the kiln; 


maybe adirttted into;3;pit funk in the ground in 


front of the opening hy which che lim is removed, | 


nua pit being- made df: proper lize ane As A 
meaſure. . g Te ui u 97 Besniogg 1 

he tha line moving from en of 
che hin, freſn limio- tone fuld be put into it 
ae ; n, during this operation, the fite may be 
ea top of a rs its 


_ Fon plate. Wot 8 Nod 5321p 20 t Nom cid, 


-:Should it deere fink and the 
Aluibmsen of the heat, may, in burning the lime, 


be datther/ regulated by claſing mate or. leſs the 


opening at the top of the lime-kiln with ARE 

of ane-ftone, ora plate of calt 2 nos 03 3907 1 

- The gaible-walls of thic kilhs nns ibe rnit ſpace 
betanen ham, as: alſo: the ofs layers of 

| bricks-by;vhich-they ae united, are clearly and 


dikinhrexpreſſed_.ingtbet Figure. The kl re. 


 pirbſentedas; being nearly filled with ſmall round 
| Gente fuck ag are: U 1 
e e eee 
montanen ow frontiers, 


ad re ronsded by tubbing eh, 

meme — — of che 
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Dance of adnitting received Opiniont in Phi. 


ſephical Inve/tigations, without Examination.—The 
free Paſſage of HEAT, in all Bodies, in all Directiont, 
never yet called in queſtion.— Heat does not, how- 


ever, paſs in this Manner, in all Bodies without... 
"Exception. —A1r and WATER, and probably all 
other Fl urps, are, in fact, Non-conducToRs 


or HEAT. Accidental Di iſcoveries, which led to 


an experimental Inveſtigation of this curious & ubjett. | 


wa The internal Motions among the Particles 
Fluids rendered vifible.—The Propagation of Heat 


in Fluids obſtrufted and retarded, by every thing 


which ob/trufts the internal Motions of their Parti- 
cles ; —hente there is Reaſon to conclude, that Heat 
ir propagated" in them, only in conſequence of thoſe 
Motions ; —that it is tranſported by them,—not ſuf- 
fered to paſs through them. —Furs and FEATHERS, 
and all other like Subſtances, which, in Air, 
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Experiment, to produce the ſame Effedts in Water, 
Theſe Effects are probably produced in both Fluids 


in the ſame Manner, namely, by ob/truding the 


| Motions of their Particles, in the Operation of 
tranſporting the Hegt.—-The conducting Power of 
Water, remarkably impaired by mixing with it ſuch 
Subſtances as render it viſcous, and diminiſh 


its Fluidity. —Theſe Di iſcoveries reſpefting the 


Manner in which Heat is propagated in Water, 
throw much Light on ſeveral of the moſt intereſting 
Operations in the Economy of Nature.—They 
enable us to account, in a ſatigactory Manner, for 
the Preſervation of Trees and other Vegetables, 


and of Fruits, during the FIR, in cold, 
 Climates, - . Page 199 


CHAP. I. 


Farther Inveſtigations of the internal M otions among 


the Particles of Liquids, . which neceſſarily take 
| place when they are heated or cooled. Deſcription 
of a mechanical Contrivance, by which theſe Me- 


tions in Water were rendered wif ble. —An Account 


of various amuſing Experiments, which - * WEE 


made with this new-invented Inflrumgnt. —T hey 


lead to an important Diſcovery.— Heat cannot be 
propagated DOWNWARDS in Liquids, as long as 


they continue to be condenſed by Cold.—lce found, 
by Experiment, to melt mare than eighty Times 
. lower, when boiling-hot Water ſtood on its & urſace, 


than when the Ice <was ſuffered to ſwim: on the 
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of the SEVENTH ESSAY, 


Water flanding on its Surface can be accounted for, 
even on the Suppgſition that Water is 'a perfect 
Non, conductor of Heat.—According to the aſſumed 


Hypathefis, Water anly eight Degrees of Fahren- 


Heit's Scale above the freezing Point, or at the 
Temperature of 40Q®, aught to melt as much Ice, 


in any given Time, when ſtanding on its Surfqce, 


at an equal Volume of that Fluid, at any higher 


Temperature, even were it builing-hot.—T his 
remarkable Fact is proved by a great Variety of 


_ deciſrue Experiments. Mater at the Temperature 
; of 41" is faund to melt even MORE Ie, when ſtand- 
ing on its Surface, than boiling- but Water.—The 


Reſults of all theſe Experiments tend to prove that 
Water is, in fact, a perfect Non- conductor of Heat; 
or that Heat is propagated in it, merely in conſe- 

uence of the Motions it occafions among the 
inſulated or ſolitary Particles of that Fluid, which, 


among themſelves, have no Communication or Jugs 


courſe whatever in this Operation. The Diſcovery 


of this Fat opens to our View one of the grandef 
and moſt interefing Scenes in the Economy of 
Natyre, - - Page 232 


CH AP. HI. 


Recapitulation, and farther Inveſtigation of the Sub- 


Ject.— Al Bodies are condenſed by Cold without. 


Limitation, WarzR ONLY EXcRPTRD.— on- 


derful Effectt produced in the World in conſequence 
f the particular Law which obtains in the Con- 


denſation 
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- Henſation of Water.—=T his Exception to one of the 
moſt general Laws of Nature, a ſtriking Proof of 
Contrivance in the Arrangement of the Univerſe ;— 

2 Proof which comes home to the Feelings of every 

+ #ngenuous and grateful Mind.—T his particular 
Law does not obtain in the Condenſation of Sal. r- 
WaTER.—Final Cauſe of the Saltneſs of the Sea 

De Ocean probably deſigned by the Creator to 

ſerve as an Equalizer of Heat—Could not have 

anſtoered that Purpoſe had its Waters been freſh. — 
Final Cauſe of the Freſhneſs of Lakes and inland 
| Seas in high Latitudes.==Uſefulneſs of theſe Spe- 

cuilatioant. n — 5. Page 281 
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ADVERTISEMENT 
we br tone: - To Tr | 
SEVENTH ESSAY. 


_— Author finds himſelf once more in a fitua- 
tion, in which he feels it to be his duty to 
apologize for having deviated from the plan 


announced to the Public in reſpe& to the order of - 


his Publications. The Treatiſe on the Conſtruction 
of Kitchen Fire- places, and Kitchen Utenſils, which 
was promiſed ſome time ago, and which, according 
to the original plan of the work, ought to have con- 
ſtituted the Seventh Eflay, is not yet ready for the 
preſs ;a defire to render it as perfect as poſſible 
| having induced the Author to delay its publication, 
in order to wait the reſults of ſome new Experi- 
ments which he is now engaged in making, and 
which, he has reaſon to hope, will lead to farther 
improvements in the Management of Heat in 
culinary proceſſes. 
IT Theobjet principally had in view in theſe Ex- 
- periments, was to contrive portable cloſed fire- 
places to ſerve inſtead of fixed fire-places for 
cooking on 4 ſmall ſcale ; or which might be uſed 
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 ' ADVERTISEMENT. 
vecafionally in the kitchens of ,private families 
when fo6d is provided for a much larger number 
of perſons than uſual. 

Such portable fire-places could not fail to be ex- 
tremely uſeful to poor families, who cook their 
victuals in the rooms in which they live:; and they 
would certainly be very convenient in the kitchens 
of the opulent, which, in order that dinners may 
occaſionally be prepared for large eompanies, are 
commonly made much more ſpacious and expenſive 
than otherwiſe would be e 

Another object had in view, and which is cer- 
tainly of the molt ſerious impottance, was to con- 
trive matters ſo that ſauce- pans, and other kitchen- 
utenſils conſtrued of Porcelain and of earthen- 
ware, might, without any inconvenience; be uſed 
in preparing food, inſtead'of thoſe now-in common 
uſe, which are moſtly of copper, by which the 
deleterious effects of that poiſonous metal-may'be 
avoided. 

The Author is now fitting up a large kitchen, 
(in 1 the new Veterinary College in the Engliſh gar- 


den at Munich, ) in the conſtruction of which there 


is not a particle of any kind of metal employed; 
and all the ſauce-pans and fmaller boilers belong - 
Ing to it are of earthen- ware. He is fitting up 


another, (in his own houſe,) in which the ſauce- 


pans and caſſaroles are all of white porcelain, 


made very thin, — free from all ſharp * ere | 


covered on the outſide with thin  ſheet-iron, to 


; 'prevelit the efſecds of a too fudder spplication of 


heat, 
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ADVERTISEMENT. 


Keat. - How far theſe various contrivances may dea 
ſerve to-be recommended as models for imitation, 
will ſoon be determined by actual Experiments; 
and à faithful account of the reſults of theſe Ex- 
periments ſhall, as s ſoon as poſſible, ure pr 
the Public. 

There is another Experiment, of a different 
kind, in which the Author is engaged, (the reſult 
of which he means in due time to publiſh,) 
which cannot fail to intereſt very deeply many of 
his benevolent readers. He is forming a public 
eſtabliſhment, on a plan which is, in many reſpects, 
entirely new, for the education of 100 poor 
children of both ſexes, from five to ſix years of 
age; and he hopes to be able to prove, by this 
Experiment, that children of that age may be 
maintained, well educated, and rendered uſeful 
members of ſociety, without any expence what- 
ever, either 'to their parents or to the Public. To 
render them ſtrong, healthy, and cheerful, they 
will be made to take a great deal of exerciſe in the 
open air; much of their time will be employed in 
cultivating a farm, and a large kitchen-garden ; 
and they will be allowed a reaſonable time for their 
recreations.— They will be inſtructed in agricul- 
ture and in gardening, and in all the various 
occupations of rural life; and in bad weather, 
and particularly in winter, they will be employed 


in various manufactures; ſuch as can be carried on 


within doors, and are not detrimental to health. 
To encourage in the moſt effectual manner a ſpirit 
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© ADVERTISEMENT: 
of induſtry and a habit of œconomy among the 


children belonging to this eſtabliſhment, the whole 
9 ener ek phe RG recug 


expences of their maintenance, will belong to 
themſelyes ; and a ſeparate and exact account will 
be kept with each of them, from the time they 


enter the eſtabliſhment, till they quit it; and when 


they go f, the balance due to them will be 
faithfully paid into their hands. 


ee eee 


the earnings of the children who frequent the 
Houſe of Induſtry at Munich, and the eſtimates 
which have been made of the expence of their 
maintenance, there appears to be the ſtrongeſt 
e eee er ly gs 
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ESSAY VII. 
2 OF THE | 
Manner in which HEAT is propagated in 
FLu1Ds. 


OF A 


Remarkable Law which has been found to . 
obtain, in the Condenſation of WATER 


with CoLD, when it is near the Tempe- 
rature at which it freezes; and of the 
wonderful Effects which are produced by 


the Operation of that Law, in the 
Economy of Nature. 


TOGETHER WITH 


Conjectures reſpecting the FINAL CAusE of 


the Sar TNESS OF THE SEA. 
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ESSAY VII. 
n 


Danger of admitting received Opinions in Philoſophical 
Inveſtigations, without Examination. —The free 
Paſſage of Heart, in all Bodies, in all Directions, 
never yet called in qugſtion. — Heat does not, hows 
ever, paſs in this Manner, in all Bodies without 
Exception. — Alx and WATER, and probably. all 
other FLu1Ds, are, in fact, NoN-COonNDUCTORS 
or HEAT. Accidental Diſcoveries, which led to 
an experimental Inveſtigation of this curious Subject. 
The internal Motions among the Particles of 


Fluids rendered viſible, —The Propagation: of Heat 


in Fluids, obſtructed and retarded, by every thing 
which ob/trutts the internal Motions of their Parti. 
cles; —bence there it Reaſon to conclude, that Heat 
is propagated in them, only in conſequence of thoſe 
Motions ; —that it is tranſported by tibem, — not ſuf- 
 fered to paſs through them. —Furs and FEATHERS, 
and all other like Subſtances, which, in Air, 
ferm warm Covering for confining Heat, found, by 
Experiment, to produce the ſame Effects in Water — 
Theſe Effedts are probably produced in both Fluids 
in the ſame Manner, namely, by ob/trutting the 
P 3 | Mations 
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200 Of the Propagation of Heat 
Motions of their Particles, in the Operation of 
tranſporting the Heat. —The conducting Power of 
Water, remarkably impaired by mixing with it ſuch 
' Subſtances as render it viſcous, and diminiſh 
its Nuidity.— Theſe - Diſcoveries reſpecting the 
Manner in which. Heat is propagated in Water, 


throw much Light on ſeveral of the moſt intereſting 


Operations in the* Economy of Nature. They 
enable us to account, in a ſatisfaftory Manner, for 


the Preſervation of Trees and other Vegetables, and 


| of Fruits, during the Winter, in cold Climates. 


T is certain, that there is e more danger- 

ous, in philoſophical inveſtigations, than to take 
any thing for granted, however unqueſtionable it 
may appear, till it has been proved by direct and 
deciſive experiment. 

I have very often, in the courſe of my phitoſo- 


| phical reſearches, had occaſion to lament the con- 


ſequences of my inattention to 2 moſt —_—_y 


; precaution. 


There is not, perhaps, any ee e that 


more frequently falls under our obſervation, than 
the Propagation of Heat. The changes of the 
temperature of ſenſible bodies of folids—liquids— 
and elaſtic fluids, are going on perpetually under 


our eyes; and there is no fact which one would 
not as ſoon think of calling in queſtion, as to 
doubt of the free paſſage of Heat, in all directions, 
through all kinds of bodies. But, however obvi- 
ouſly this concluſion appears to flow, from all that 


we obſerve and experience in the common courſe 


of 


t 


1 
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of life, yet it is certainly not true ad to the 
erroneous opinion reſpecting this matter, which has 
been univerſally entertained — by the learned, and 
by the unlear ned — and which has, I believe, never 
even been called in queſtion, may be attributed the 
little progreſs that has been made in the inveſtigation 
of the ſcience of Heat: a ſcience, affuredly, f 
the utmoſt importance to mankind ! | 
Under the influence of this opinion, I, wary 
years ago, began my experiments on Heat; and 


had not an accidental diſcovery drawn my attention 


with irreſiſtible force, and fixed it on the ſubject, 
I probably never ſhould have entertained a doubt 
of the free paſſage of Heat through air; and even 
after I had found reaſon to conclude, from the 
reſults of experiments which to me appeared to be 


perfectly deciſive, that air is a non- conductor of 


Heat; or that Heat cannot paſs through it, with» 
out- being tranſported by its particles ; which, in 

this proceſs, act individually, or independently of 
each other; yet, ſo far from purſuing the ſubject, 


and contriving experiments to aſcertain the manner 


in which Heat is communicated in other bodies, 
I was not ſufficiently awakened to ſuſpett it to be 
even. poſſible, that this quality could extend farther 
than to elaſtic Fluid. 

With regard to liquids, ſo entirely perſuaded was 


| 1, that Heat could paſs freely, in them, in all direc- 


tions, that I was perfectly blinded by this prepoſ- 
ſeſſion, - and rendered incapable of ſeeing the moſt 
ſtriking and moſt avicent: ogy of the fallacy of 
this opinion. | 
. P 3 I have 
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2085 07 the Propagation of Heat 


I have already given an ac&unt, in one of my 
late publications—(Efſay VI. on the Management 
of Fire, and the Economy of Fuel)—of the man- 
ner in which I was led to diſcover, that feam and 
flame are non-conduftors'of Heat :—I ſhall now lay 
before the Publie an account of a number of expe- 
riments I have lately made, which ſeem to thow 
that water, — and probably all other Hquids, — and 
Fluids of every kind, poſſeſs the ſame property. 
That is to ſay, that although the particles of any 
Fluid, individually, can receive Heat from other 
bodies, or communicate it to them; yet, 'amon 
theſe particles themſelves, all intere hangt and com- 
munication of Heat is abſolutely impoſſible. 
It may, perhaps, be thought not altogether un. 
intereſting, to be acquainted with the various ſteps 
by which I was led to an Nerger een 
ef this curious ſubject of enquiry.  - $289 
When dining, I had often obſerved that ſome 
particular: diſhes retained their Heat much longer 
than others ; and that apple- pies, and apples and 
almonds Ans 0 diſh in great repute in Eng- 
land,) — remained hot a ſurpriſing length of time. 
Much ſtruck with this extraordinary quality of 
retaining Heat, which apples appeared to poſſeſs, it 


| frequently occurred to my recollection; and I never 
burnt my mouth with them, or ſaw others meet with 


the ſame misfortune, without endeavouring, but in 

vain, to find out ſome way of accounting, in a ſatiſ- 

&EQory manner, for this ſurpriſing phenomenon. 
About four years ago, a ſimilar accident 


awakened my attention, and excited my curioſity 


* — 
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ſtill more: being engaged in an experiment which E. 
could not leave, in a room heated by an iron ſtove, 

my dinner, which conſiſted of a bowl of thick rice- 

ſoup, was brought into the room; and as I -hap= 
pened to be too much engaged at the time to eat 

it, in ordet that it might not grow cold, I ordered 

it to be ſet down on the top of the ſtove: about an 

hour afterwards, as near as I can remember, 1 


+ b ad 


full of the fou „which J found. almoſt * and 
quite thick. r0Ing, by accident, deeper with the 
ſpoon the fecond time, this ſecond ſpoon-full burnt 
my mouth . This accident recalled. very forcibly - 
tomy, mind the recollection of the hot apples and 
mouth, 4 dozen years 'before, in England; but 
even this, though it ſurpriſed me very much, was 
not ſufficient to open my eyes, and to remove 
my prejudices relpefling t ne TY Pong of 
water. ' 19045 
Being at Narl ns, in the begitning of the year 
1794, among the many natural curioſities which 
kr my attention, 1 was much ſtruck with 
ſeveral very intereſting phænomena which the hot 
baths of BALA — to my obſer vation; and 
among them there was one, which quite aſtoniſtied 


— the love happeiiod 0 do nearly col hen the bow! 
was ſet down upon it, and that the ſoup had grown almoſt cold; when, 
a freſh, quantity of fuel r 
increaſed, 
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: ſtanding on the ſea-ſhore, near, the baths, 
where the hot ſteam was iſſuing out of every crevice 


of the rocks, and even riſing up out of the ground, 


I had curioſity to put my hand into the water. 
As the waves which tame in from the ſea fol- 


lowed each other without intermiſſion, and broke 


over the even ſurface of the beach, 1 was not ſur- 
prized to find the water cold ;—but I was more 
than ſurpriſed, when, on running the ends of my 
fingers throtigh the cold water into the ſand, I 
found the heat ſo intblerable, that I was obliged 
inſtantly to remove my hand. The ſand was per- 
fectly wet; and yet, the temperature was ſo vety 
different at the ſmall diſtante of two ot three 
inches! I could not reconcile this with the ſuppoſed 
great conducting power of water. —1 even found 
that the top of the ſand was, to all appearance, 
quite as cold as the water which flowed over it; 


and this increaſed my aſtonithment ſtill more. 1 
then, for the firſt time, began to doubt of the 
conducting power of water, and reſolved to ſet 


about making experiments to aſcertain the fact; 
1 did not however put this reſolution into execu- 
tion till about a month ago; and ſhould perhaps 
never have done it, had not another unexpected 
appearance again called my attention to Ss and ex- 
cited afreſh all my curioſit x. 

In the courſe of a ſet of e on thi 


communication of Heat, in which I had occaſion 
to uſe thermometers of an uncommon ſize—(their 


globular bulbs being above four inches in diame- 
ter ) 
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ter,) —filled with various kinds of liquids, 12 

Expoſed one of them, which was filled with en 
of wine, in in as great A heat as it was capable o 
ſupporting, I placed it in a window, where the 
ſun happened to be ſhining, to cool; when, caſts 
ing my eye on its tube, which was quite naked, — 
(the diviſions of its ſcale being Warte d in the glaſs 
with a diamond, ) I obſerved an appearance which 
ſurpriſed, 1 me, and at the ſame time. intereſted me 
very much indeed. I ſaw the whole maſs of the 
liquid in the tube in a moſt rapid motion, running 
ſwiftly in two oppolite directions, vp, and down, at 
the ſame time, The bulb of the thermometer; 
which is of copper, had been made two years 
before I. found leiſure to begin my experiments; 
and having been left unfilled, without being, cloſed 
with a ſtopple, ſome fine particles of .duſt had 
found their way into it, and theſe particles, which 
were intimately mixed with the ſpirits of wine, on 
their being illuminated by the ſun's beams, became 
perfectly able, the duſt in the air of a 
darkened room is illuminated and rendered viſible 
by the ſun· beams which come in through a hole,) 
and by their motion diſcovered the violent motions 
by which the ſpirits of wine in the tube of the 
thermometer was agitated. | 

This tube, which is of an inch in meter 
internally, and very thin, is compoſed of very 
tranſparent, colourleſs glaſs, which rendered the 
appearance clear and diſtinct, and exceedingly 
beautiful. On examining the motion of the ſpiritg 
of wine with a lens, I found that the aſcending 


current 
1 oo 
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current vecupied the axis of the tube, and that. it 
deſcended by the fides of the tube. i 

On inclining the tube a Httle, the rng current 
moved out of the axis, and occupied that fide of 
the tube which was uppermoſt, while the deſcend- 
ing current ee the wol of the lower ſide 
of = 

Whin ih cooling of the ſpirits of wine in the 
Ude was haſtened by wetting the tube with ice- 
cold water, the velocities of both the aſcending and 
the defcending currents were ſenſibly accelerated. 

The velocity of theſe currents was gradually 


lelened, as the thermometer was cooled; and 
when it had acquired nearly the temperature of the | 


air of the toom, the motion ceaſed entirely. 
By wrapping up the bulb of the thermometer in 


furs, or any other warm covering, the motion 


might be h prolonged. 


IL repeated tlie experiment with a ſimilar chermo- 


meter of equal dimenfions, filed with linſced-6il, 
and the appearances, on ſetting i it in the window to. 


cool, were juſt the fame. The directions of the 
currents, and _ parts they occupied i in the tube, 


appearance oth as rapid! as thoſe in the thermo- 
meter which was filled with ſpirits of wine. 


Having now ho longer any doubt with reſpect to 


the cauſe of theſe appearances, being perſuaded 


that the motion in theſe liquids was occaſioned by 
their particles going individually, and in ſucceſſion, 


_ 6 give off their Heat to the cold fide of the tube, 


in the ſame manner as I have ſhown in another 
6 place, 


vw © = ©o =» 
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place, that the particles of air give off their Heat to 
other bodies, I was led to conelude that theſe, and 
probably all other liquids, are in fact non · con- 
duftors of Heat; and I went to work immediately 
to contrive experiments fo. put the matter out of 
all doubt. *% 

On conſidering the ſubject attentlvely, it ap- 
peared to me, that if liquids were in fact non- con- 
dufors of Heat, or if it Be propagated i in them only 
in conſequence of the internal motions of their 
particles ; in that cafe, every thing which tends to 
obſtru& thoſe motions, | ought certainly to retard 
the operation, and render the propagation vf the 
Heat ſlow r, and more difficult. 1 had found thit 
this is 4ually the caſe in reſpect to air; and 
though ( under the influence of a ſtrong and deep- 
—_ rejudice) I had, from the reſult of one 
impei experiment, too haſtily concluded, that it it 

ad not take place in regard to Water; yet 1 now 
found ſtrong reaſons to call i in queſtion the refult. 
that experiment, and to give the ſudject a careful 
and thorough inveſtigation. 

Thinking chat the beſt mode of proceeding,” in 
this enquiry, would be to adopt a method fimilar 
to that I had purſued in my experiments on the 
conducting power of Air, I prepared an apparatus 
ſuitable to that purpoſe. The firſt obje& I had in 
view being to diſcover whether the propagation of 


Heat through water was obſtructed, or not, by 


rendering the internal motion among the partic 

of the water, occaſioned- by their change of tem- 

2 embarraſſed and difficult, I contrived: to 
make 


\ 


ö 
| 
| 
| 
| 
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make a certain quantity of Heat pals, through 1 


certain quantity of pure water, confined in a cer- 
tain ſpace; and noting the time employed i in this 
operation, I repeated the experiment again, with 
the ſame apparatus, with this difference only, that 
in this ſecond trial, the water through which the 
Heat was made to paſs, inſtead of being pure, was 
mixed with a {mall quantity of ſome fine ſubſtance, 
(ſuch as ider-down, for inſtance)—which, without 


altering any of its chemical properties, or impair- 


ing its fluidity, ſerved merely to obſtruct and em- 
barraſs the motions of the particles of the water 
in tranſporting the Heat, i in caſe Heat ſhould be 
actually tranſported or carried in this manner, and 
not ſuffered to paſs freely through liquids. 


The body which received the Heat, and which 


ed. at the fame time, to meaſure the quantity 
of it communicated, was a very large cylindri- 
cal thermometer. (See Plate I.) The bulb of 
this thermometer, which is conſtructed of thin 
ſheet-copper, is ae its two ends Pa 
hemiſpheres. 


He dimentions are as follows: SAH 


enfions of ¶ Diameter Me inches; - Yai | 
Gr of the = or 3 83 * nord 
. External ſuperficies 28.834 ſuperficial inches. 
The thickneſs of the ſheet-copper of which it is 
conſtrued, is 0.03 of an inch. It weighs, empty, 
1846 grains; ;—and 1s capable of containing 3344 
grains of water, at the temperature of 55%. This 
rer bulb has a glaſs tube, 24 inches long, as 


1 


? 
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of an inch in diameter; which is fitted | 
means of a good cork, into a cylindrical tube 
or neck of copper, one inch long, and e of 
an inch in diameter, belonging to the metallic 
bulb. 

This thermometer, being filled with linkeed-l, 
and its ſcale graduated, was fixed in the axis of a 
hollow cylinder, conſtructed of thin ſheet-copper, 
11: inches long; and 2.3435 inches in diameter 
internally. This cylinder, which is open at one 
end, is cloſed at the other with a hemiſpherical. 
bottom, with its convex furface outwards. © The 
cylinder weighs 2261 grains, and the ſheet-braſs 
of which it is conſtructed is, 0.0 128 of an inch 
in thickneſs. 

The bulb of the thermometer was s placed i in the 
lower part of this braſs cylindrical tube, and was 
confined in the middle, or axis of it, by means of 
three po. of wood, about , of an inch in diame- 
ter, and + of an inch long, which pins are fixed 
in tubes of thin ſheet braſs, e of an inch in 
diameter, and „ of an inch in length. Theſe 
ſhort tubes, which are placed at proper diſtances 
on the inſide of the large braſs tube, at its lower 
end, and firmly attached to it by ſolder, ſerve as 
ſockets into which the ends of the wooden pins, 
which, pointing inwards, or . towards the axis of 
the large cylindrical tube, ſerve to confine the 
lower .end of the bulb of the thermometer in its 
proper place. Its upper end is kept in its place ; 
or the axis of the thermometer is made to coincide 
with the axis of the braſs cylinder, by cauſing the 
tube of the thermometer to paſs through a now's in 

the 
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the middle of a cork ſtopper which cloſes the end 
of the, cylinder. 
The bottom of the bulb of the 8 does 


not repoſe on the hemiſpherical bottom of the braſs 
cylinder, but is ſupported at the diſtance of + of an 


inch above it, on the end of a wooden pin, like thoſe 


juſt deſcribed ; which pin is fixed in a ſocket in 


the middle of the bottom of the cylindrical tube, 
and projects upwards. The ends of all theſe 
wooden pins which project beyond the ſockets in 
which they axe fixed, are reduced to a blunt point: 
This was done to reduce as much as poſſible the 
points of contact between the ends of theſe pins 
and the bulb of the thermometer. 

The thermometer being in its place, there is on 


every fide a, void ſpace left between the bulb of the 


thermometer and the internal ſurface of the braſs 
cylinder in which it is confined ; the diſtance be- 
tween. the external furface of the bulb of the ther- 
mometer and the internal ſurface of the containing 
cylinder being 0.25175 of an inch. This ſpace is 
deſigned to contain the water and other ſubſtance 
through which the Heat is made to paſs into, or out 
of, the bulb of the thermometer; and the quantity 
of Heat which has paſſed is ſhewn by the height of 
the fluid in the tube of the thermometer. The 


quantity of water required to fill this ſpace and to 


cover the upper end of the bulb of the thermo- 
meter to the height of about + of an inch was 
found to weigh 2468 grains. As the thermo- 
meter was plunged into this water it was of courſe 
in contact with it by its whole ſurface, which, as 


we HRP ſeen, is equal to 28.834 {quare . 
a 0 
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The bulb of the thermometer being ſurrounded 
by water, or by any other liquid, or mixture, the 
conducting power of which was to be aſcertained, a 
cylinder of cork ſomething leſs in diameter than . 
the braſs cylinder, — about half an inch long, 
with a hole in its centre, in which the tube of the 
thermometer paſſed freely, was thruſt down. intq 
the braſs cylinder, but not quite ſo low as to touch 
the ſurface of the water, or other ſubſtance it con- 
tained, This cylinder, or diſk, was ſupported i in 
its proper place by three projecting braſs points or 
pins which were fixed with ſolder to the outſide 
of the metallic neck of the bulb, of the thermge | 
meter. 

As ſoon as this diſk of cork is put into its place, | 
the upper part of the hollow brafs cylindrical tube 
is filled with eider-down, and it is cloſed abovg 
with its cork ſtopper, the tube of the thermometer, 
which paſſes through a fit hole in the middle of 
this ſtopper, projecting upwards, As. the whole 
ſcale of the thermometer, from the point of freeze, 
ing to that of boiling water, is above the upper 
ſurface of this ſtopper, all the changes of heat to 
which the inſtrument is expoſed, can be obſerved, 
at all times without deranging any park, of. en 
paratus. 

The thermometer is divided according to, the 
ſcale of Fahrenheit, and its diviſions are made. to 
correſpond with a very accurate mercurial. ther». 
mometer made by TROUGHTON. 

The experiments with this inſtrument, which, 
for the ſake of diſtinction, I ſhall call my cylindrical 


paſſage 
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paſſage Ul dir were made in the following 


manner: The thermometer being fixed in its 
cylindrical braſs tube, in the manner above de- 


feribed, and ſurrounded by the ſubſtance the con- 


ducting p ower of which was to be aſcertained, 


the yn Hts was placed in thawing ice, where it 


was ſuffered to remain till the thermometer fell to 
32% It was then taken out of the melting ice, and 
immediately plunged into a large veſſel of boiling 


water, and the conducting power of the ſubſtance 
which was the ſubject of the experiment was eſti. 


mated by the time employed by the Heat in paſſing 
through it into the thermometer; the time 
carefully noted when the liquid in the thermo- 
meter arrived at the 40th degree of its ſcale; 
and Nd when it came to rh 20th degree above 
go 


Ng the flower Heat mioyes, or is tranſported, in 


any medium, the longer muſt of courſe be the time 

required for any given quantity of it to paſs through 
N; and as the thermometer ſhows the changes 
which take place in the temperature of the bod 
which is heated or cooled, —(namely, the liquid with 
which the thermometer is filled,)—in conſequence 
6f the paſſage of the Heat through the medium by 
which the thermometer is ſurrounded, the conduct- 
ing power of that medium is ſhown by the quickneſs 
of the aſcent or deſcent of the thermometer, when, 
having been previouſly brought to a certain tempe- 
rature, the inſtrument is ſuddenly removed and 
plunged into another medium at any other con · 
"_ . 22 W nk 
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Having ſtill freſh in my memory the accidents I 1 
had ſo often met with in eating hot Apple-pies, I 
was very impatient, when I had completed this in- 
ſtrument, to ſee if Apples, which, as I well knew, are - 
compoſed almoſt entirely of water, really poſſeſs a 
greater power of retaining Heat than that liquid 
when it is pure, or unmixed with other bodies. But 
before I made the Experiment, m order that its 
reſult might be the more ſatisfactory, I determined, 
in the following manner, how much water there 
really is in Apples, and what proportion their fi- 
brous parts bear to their whole volume. 

960 Grains of ſtewed Apples (the Apples hav- 
ing been carefully pared and freed from their 
ſtems and ſeeds before they were ſtewed) were 
well waſhed in a large quantity of cold ſpring 
water, and the fibrous parts of the Apples being 
ſuffered to ſubſide to the bottom of the veſſel, 
the clear part of the liquor was poured off, and the 
fibrous remainder being thoroughly dried was care- 
fully weighed, and was found to weigh juſt 25 


This fibrous remainder of the 960 grains of 
ſtewed Apples being again waſhed in a freſh quan- 
tity of cold ſpring water, and afterwards very tho- 
roughly dried, by being expoſed ſeveral days on a 
china plate placed on the top of a German ſtove, 
which was kept conſtantly hot, was again weighed, 
and was found to weigh no more than 18% | 
grains. | 
From this Experiment it appears that the fibrous 
parts of ſtewed * amount to leſs then x 7 ⁰ pork 
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of the whole maſs; and there is abundant reaſon 


to conclude that the remainder, amounting to 43 
of the whole, is little elſe than pure water. 

Having ſurrounded the bulb of my cylindrical 
paſſage thermometer with a quantity of theſe ſtewed 
Apples, (the conſiſtence of the maſs being ſuch 
that it ſhewed no ſigns of fluidity,) the inſtrument 
was placed in pounded ice, which was melting, 
and when the thermometer indicated that the 
whole was cooled down to the temperature of 325 
the inſtrument was taken out of the melting ice, 
and plunged into a large veſſel of boiling water, 
and the water being kept boiling with the utmoſt 
violence during the whole time the Experiment 
laſted, the times taken up in heating the thermo- 
meter from 20 to 20 degrees were obſerved and 
noted down in a table, which had been previouſly 
prepared for that purpoſe. 

This Experiment having been repeated twice, 
and varied as often by firſt heating the inſtrument 
to the temperature of boiling water, and then 
plunging it into melring ice, and obſerving the 
time taken up in the paſſage of the heat out of the 
thermometer ; I removed the ſtewed Apples which 
ſurrounded the bulb of the thermometer, and filling 
the fpace they had occupied with pure water, I 
now repeated the Experiments again with that li- 
quid. The following Tables ſhow the reſults of 


theſe Experiments. 
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In heating the Thermometer 
from the temperature of go” 
to that of - 


Total times in beating —_ | 


32* to 200? 


Times employed in heating the 
inſtrument 80 3 VIZ. 
from 80® to 160? | 

Mean times in . it — 
80 to 160 | 


hw the Heat was paſſing 


INTo the Thermometer, £ 


Through | Through 
ewed Apples. Water. 


Exp. Exp. Exp. Exp. 


No. 1. No 


| 349 z21” | 174" | 170” 
In ſtewed 


Apples 3 3 5” In Water 172" 


The reſults of theſe Experiments ſhow that Heat 
paſſes with much greater difficulty, or much flower, 
in ftewed Apples than in pure Water ; and as ſtewed 
Apples are little elſe than water mixed with a very 
ſmall proportion of fibrous and mucilaginous mat- 
ter, this ſhows that the conducting power of water 


with re 


gard to Heat may be impaired. 


The reſults of the following Experiments will 
ſerve to confirm this concluſion. 
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Time the Heat was paſſing 
OUT OF the e Thermometer, 


Through J. Through 
|ſtewed Apples. | Water, 


Exp. Exp. Exp. | Exp, Exp, 
No. 2.| No. 4. No. 6. | No. 8. 
Seconds. seconds. . Seconds. 


a fs cooling the Thermometer 
from the temperature of 200% þ| 80 74 460 37 
to that of - 180? J] 
from 180 to 160% 751 72 | 42 37 

 160® t0-140® 84 | 83| 43] 43 

- | 120? 107 | 1 54 51 

1 73 73 

| 112 | 105 

60? | 321 | 307 | ' 200 | 204 
07 ms | 733 | 483 | 461 


Times het in ads 
' inſtrument 80 degrees, viz. þ| 530” | 510” | 282" | 212” 
from 1607 to $0® 


A _—_ for Ong "4 In ſtewed Ta Water 277 


As the heating or cooling of the 8 goes 
on very ſlowly when it approaches to the tempera- 
ture of the medium in which it is placed, while, 
on the other hand, this proceſs is very rapid when, 
the temperature of the inſtrument being very dif. 
ferent from that of the medium, it is firſt plunged 
into it, both theſe circuniſtances conſpire to render 
the obſervations made at the extremities of the 
ſcale of the thermometer more ſubject to ertor, 
and conſequently leſs ſatisfactory than thoſe made 


nearer the middle of it: In order that the general 
concluſions 


im æ 


concluſions drawn from the reſult of the Experi. 
ments might not be vitiated by the effects produced 
by theſe unavoidable inaccuracies, inſtead of eſti- 
mating the celerity of the paſſage of the Heat by the 
times elapſed in heating and cooling the thermome. 
ter through the whole length of its ſcale, or between 
the point of freezing to that of boiling water, I 
have taken the times elapſed in heating and cooling 
it 80 degrees in the middle of the ſcale, viz, between 
80* and 160", as the meaſure of the conducting 
powers of the ſubſtances through which the Heat 
was made to pals. | 

I have, however, noted the times which elapſed 
in heating and cooling the inſtrument through a 
much larger interval, namely, through an interval 
of 168 degrees in heating, — or from-32® to 200. 
and in cooling through 160 een or from 209? 
to 40˙. 

In reſpe& to the cooling of the inſtrument, it is 
neceſſary that I ſhould inform my reader, that 
though I have not in the Tables of the Experiments 
mentioned any higher temperature than that of 200?, 
yet the inſtrument was always heated to the point 
of boiling water, which, under the preflure of the 
atmoſphere at Munich, where the Experiments 
were made, was commonly about 209; deg. of Fah- 
renheit's ſcale. The inſtrument being kept in boil- 
ing water till its thermometer appeared to be quite 
ſtationary, was then taken 'out of the water, and 
inſtantly plunged into melting ice, and the time was . 
obſerved and carefully noted down when the liquid 
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in its thermometer paſſed the diviſion of its ſcale 
which indicated 200), as alſo when it arrived at the 
other diviſions indicated in the Tables. 

With regard to the four laſt mentioned Experi- 


: ments, (No. 2, 4, 6, and 8,) it will be found on 


examination that their reſults correſpond very ex- 
actly with thoſe before deſcribed ; and they cer- 


tainly prove in a very. deciſive manner this impor- 


tant fact: that a ſmall proportion of certain ſub- 
fances, on being mixed with water, tend very power- 
fully to impair the conducting Power of that Fluid in 
regard to, Heat. 

In the Experiments No. 1 wha No. 2, which 
were both made on the ſame day, and in the order 
In which they are numbered, the Heat was con- 
ſiderably more obſtructed in its paſſage through 
the maſs of ſtewed Apples which ſurrounded the 
thermometer than in the Experiments No. 3 and 
No. 4, which were made on the following day. It 
is probable that this was occaſioned by ſome change 


in the conſiſtency of this ſoft maſs of the ſtewed 


Apples which had taken place while the inſtrument 
was left to repoſe in the interval between the Expe- 
riments: but, inſtead of ſtopping to ſhow how 
this might be explained, I ſhall proceed to give an 
account of ſome Experiments from the reſults of 
which we ſhall derive information that will be 
much more ſatisfactory than any ſpeculations [ 
could offer on that ſubject. 
*  Suppoſing Heat to be propagated i in water in the 
ſame manner as it is PG in air and other 
5 | elaſtic 
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elaſtic Fluids, namely, that it is tranſported by its 
particles, theſe particles being put in motion by the 
change which is produced in their ſpecific gravity, 
by the change of temperature, and that there is 
no communication whatever, or interchange of their 
Heat, among the particles of the ſame Fluid, —in that 
caſe, it is evident that the Propagation of Heat in a 
Fluid may be obſtructed in two ways, namely, by 
diminiſhing i its Fluidity, (which may be done by diſ- 
ſolving in it any mucilaginous ſubſtance, ) or, more 
ſimply, by merely embarraſſing and obſtructing the 
motion of its particles in the operation of tranſ- 
porting the Heat, — which may be effected by 
mixing with the Fluid any ſolid ſubſtance,—(it 
muſt be a non-· conductor of Heat however,) — in 
ſmall maſſes, or which has a very ** ſurface in 
proportion to its ſolidity. 

In the foregoing Experiments with * Apples, 
the paſſage of the Heat in the water, (which conſti- 
tuted by far the greateſt part of the maſs,) was 
doubtleſs obſtructed in both theſe ways. The 
mucilaginous parts of the Apples diminiſhed very 
much the fluidity of the water, at the ſame time 
that the fibrous parts ſerved to embarraſs its inter. 
nal motions. 

In order to diſcover the comparative effect. of 
theſe two cauſes, it was neceſſary to ſeparate them; 
or to contrive Experiments, in which only one of 
them ſhould be permitted to act at the ſame 
time, This I endeayoured to do in the following 


manner, ey” 
Q4 To 
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To aſcertain the effects produced by diminiſhing 
the fluidity of water, I mixed with it a ſmall 
quantity of arch, namely, 192 grains in weight to 
2276 grains of water; —and to determine the 
effects produced by merely embarraſſs ing the water 
in its motions, I mixed with jt an equal proportion 
(by weight) of Eidpxxpown. The ſtarch was 
boiled with the water with which it was mixed; 

as was alſo the eiderdown. This laſt-mentioned 
| ſubſtance was boiled in the water, in order to free 
it from air, which, as is well known, adheres to 
it with great obſtinacy. 

In order that theſe Experiments might, with 
greater facility, be compared with thoſe which 
were made with erved Apples, and with pure Water, 
I ſhall place their reſults all PO” in 2 follows 
ing Tables, | 
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cat Was in paſting INTO the 
Thermometer, 
rough | | 
. fſa Mixture of 
78 Through Through 
0 Water ater, | STEWED ure | 
d 192 gro. and 192 gra. ArrrEs. ATER. | 
of STARCH. 1 1 | 
. Mean of two Mean of 
Ex » ment 1 N * Exp. 8 
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In cooling the 
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[Time the Heat was in paſſing our or the 
| Thermometer, 
Through | Through | ß | | Fg 
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of 2276 _ ins] Through | Through 
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As the reſults of theſe Experiments prove, in the 
moſt deciſive manner, that the Propagation of Heat 
in water is retarded, not only by thoſe things which 
diminiſh its fluidity, but alſo by thoſe which, by me- 
chanical means, and without forming any combination 
with it whatever, merely obſtruct its internal motions 3 


it appears to me, that this proves, 


5 


almoſt to a 


demon- 


— 


Te] 


28888 


r 


demonſtration, that Heat is propagated in water in 
conſequence of its internal motions ;—or that it is 
tranſported or carried by the particles of that 
Kquid, and that it does not ſpread and expand in it 
as has generally been imagined. 

I have ſhewn in another place, and I believe I 
may venture to ſay I have proved *, that Heat is 
actually propagated i in air, in the ſame manner J here 
ſuppoſe it to be propagated in water; and if the 
conducting powers of both theſe fluids are found 
to be impaired by the ſame means, it affords very 
ſtrong grounds to conclude that they both conduct 
Heat in the ſame manner : but this has been found 
to be actually the caſe, 

-Eider-down, which cannot affe& the ſpecifical 
qualities of either of thoſe fluids, and which cer- 
tainly does no more when mixed with them, than 
merely to obſtruct and embarraſs their internal 
motions, has been found to retard very much 
the Propagation of Heat in both of them : on com- 
paring theſe Experiments with thoſe I formerly 
made on the conducting power of air, jt will even 
be found, that the conduQting power of water is 
nearly, if not quite, as much impaired by a mix- 
ture of eider- dun as that of air. 

In the courſe of my Experiments on the various 
ſubſtances uſed in forming artificial clothing. for 
confining Heat, I found that the thickneſs of a 
ſtratum of air, which ſerved as a barrier to Heat, 
remaining the ſame, the paſſage of Heat through 
it was ſometimes rendered more difficult by in- 


See Philoſophical Tranſactions, 1792. 
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creaſing the quantity of the light ſubſtance which 
was mixed with it to obſtruct its internal motion. 

To ſee if ſimilar effects would be produced by 
the ſame means when Heat is made to paſs through 
water, I repeated the Experiments with eider-down, 
reducing the quantity of it mixed with the water to 
48 grains, or one quarter of the quantity uſed in 
the Experiments No. 11 and No. 12. 

The reſults of theſe Experiments, and a com- 
pariſon of them with thoſe before mentioned, may 
be ſeen in the following Tables: | 
Time the Heat was in paſſing | 

INTO the Thermometer, 


Through | Through” 


48 grs. or | 192 grs. or 


BY SPEBPIEz 


of its bulk |. of its bulk AP 
of Eip Ex- of Exbza⸗ * 
DOWN. DOWN. 
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0. IJ, O. Il, No 5 & Non, 
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- 47 55 35 
n 49 221 
120? * 3 = 
pace 45 57 3627 
1805 56 67 , 
4 74 93 614 
180. 118 133 915 
% 295 360 2205 
Total times in heating | Be egtrahd 
from 32® to 200® 763 949 597 
Times employed in : | 
heating the inſtru- = 5 5 
ment 80 degrees, or 215 269 172 
from 80 to 160? 
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Time the Heat was paſſing our or 
the Thermometer, 
| Through | Through My: 
Water with Water with | Thron gh 

E 


192 or 


en. or x ure 
of its bulk of 1tsb 
of Eibza- | of E1pzx- Warst. 
| DOWN. DOWN. 
{Experiment Experiment "Raps. 
| No. 14. |- eva 
| Seconds, | Seconds. — 
In cooling the Ther- | | 
mometer from 200? 49 68 411 
” = 80 to 160 6 i 
180 to 160? 50 I 395 
160 to 140 5 72 43 
120 70 11 524 | 
100" | 96 120 73 | 
80? 151 177 1082 
60? 262 2799 202 
| 40] _ 661 673 472 | 
from e 40® * | 1395 1541 1032 
Times employed in 
cooling the inſtru- be 7 5 
— degrees, viz. | 373 460 277 
from 160® to 80® 


The reſults of theſe Experiments are extremely 
intereſting. They not only make us acquainted 
with a new and very curious fact, — namely, that 
feathers, and other like ſubſtances, which, in air, 
are known to form very warm covering for con- 
fining Heat, not only ſerve the ſame purpoſe in 
water, but that their effects in preventing the 
paſſage of Heat is even greater in water than 


in air. | 
6 . This 
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This diſcovery, if I do not deceive myſelf, 
throws a very broad light over ſome of the moſt 
intereſting parts of the economy of Nature, and 
gives us much ſatisfactory information reſpecting 
the final cauſes of many phænomena which have 
| hitherto been little underſtood. 

As liquid water is the vehicle of Heat and 
nouriſhment, and conſequently of life, in every 
living thing; and as water, left to itſelf, freezes 
with a degree of cold much leſs than that which 
frequently prevails in cold climates, it is agreeable. 
to the ideas we have of the wiſdom of the Creator 
of the world, to expect that effectual meaſures 
would be taken to preſerve a ſufficient quantity of 
that liquid in its fluid ſtate, to maintain life during 
the cold ſeaſon : and this we find has actually been 
done ; for both plants and animals are found to 
ſurvive the longeſt and more ſevere winters; 
but the means which have been employed to pro- 
duce this miraculous effect have not been inveſti 
gated ;j—ar leaſt not, in as far as hey relate to 
vegetables. 

But as animal and vegetable bodies are eſſentially 
different in many reſpects, it is very natural to 
ſuppoſe, that the means would be different which 
are employed to preſerve them againſt the fatal 
effects which would be produced in each N the 
congelation of their fluids. 

Among organized bodies, which live on the 
ſurface of the earth, and which of courſe are ex- 
poſed to the viciſſitudes of the ſeaſons, we find 
that as the - of fluids to ſolids i is gc 
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the grester is the Heat which is required for the 

ſupport of life and health; and the leſs are they 

able to endure any conſiderable change of their 
temperature. 

The proportion of Fluids to Solids is much- 
greater in animals than in vegetables; and in order 
to preſerve in them the great quantity ,of Heat, 
which is neceſſary to the preſervation of life, they 
are furniſhed with lungs, and are warmed by a 
procels ſimilar to that by which Heat is generated 
in the combuſtion of inflammable bodies. 

Among vegetables, thoſe which are the moſt 
ſucculent are annual. Not being furniſhed with 
lungs to keep the great maſs of liquids warm, 
which fill their large and ſlender veſſels, they live 
only while the genial influence of the ſun warms 
them, and animates their feeble powers ; and they 
droop and die as ſoon as they are deprived of his 
ſupport. - 

There are many tender plants to be found in cold 
countries, which die in the autumn, -the roots of 
which remain alive during the winter, and ſend off 
freſh ſhoots in the enſuing ſpring. In theſe we 
ſhall conſtantly find the roots more compact and 
denſe than the ſtalk, or with ſmaller veſſels, and a 
ſmaller proportion of Fluids. | 

Among the trees of the foreſt, we ſhall con- 
ſtantly find, that thoſe which contain a 
proportion of thin watery liquids, not only ſhed 


their leaves every autumn, but are ſometimes 


frozen, and actually killed, in ſevere froſts. 


N thouſands of the largeſt walnut · trees were 


killed 
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killed by the froſt in tHe Palatinate, during the very 

cold winter in the year 1788; and it is well 

known that few, if any, of the deciduous plants of 
our temperate climate would be able to Tupper the 

exceſſive cold of the frigid zone. 

The trees which grow- in thoſe inhoſpitable 
climates, ' and which brave the colds of the ſevereſt 
winters, contain very little watery liquids. The 
' fap which circulates in their veſſels is thick and 
viſcous, and can hardly be ſaid to be fluid. Is there 
not the ſtrongeſt reaſon to think, that this was ſo 
contrived for the expreſs purpoſe of preventing their 
being deprived of all their Heat, and killed by the 
cold during the winter? 

We have ſeen by the foregoing Experiments, 


how much the Propagation of Heat in a liquid is 


_ retarded by diminiſhing its fluidity; and who 
knows but this may continue to- be the caſe, 
as long as any degree of fluidity remains ? 


As the bodies and branches of trees are not 


covered in winter by the ſnow which protects 
their roots from the cold atmoſphere, it is evident 


that extraordinary meaſures were neceflary to pre- 


vent their being frozen. The bark of all ſuch trees 
as are deſigned by nature to ſupport great degrees 
of cold, forms a very warm covering; but this 
precaution alone would certainly not have been 
ſufficient for their proteQtion. The fap, in all trees 
which are capable of ſupporting a long continuance 
of froſt, grows thick and viſcous on the approach 
the winter. What more important purpoſe could 
this change anſwer, than that here indicated . 
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And it would be more than folly to . that it 
anſwers no uſeful purpoſe at all. | 
We have ſeen, by the reſults of the Sela 
Experiments, how much the ſimple embarraſſment 
of liquids in their internal motions tends to retard 
the Propagation of Heat in them, and conſequently 
its paſſage out of them ;—and when we conſider 
the extreme ſmallneſs of the veſſels in which the 
ſap moves in vegetables, and particularly in large 
trees; hen we recollect that the ſubſtance of 
which theſe ſmall tubes are formed, is one of the 
beſt non conductors of Heat known *;—and when 
we advert to the additional embarraſſments to the 
paſſage of the Heat, which ariſe from the increaſed 
viſcoſity of the ſap in winter, and to the almoſt 
impenetrable covering for confining Heat, which is 
formed by the bark, we ſhall no longer be at a loſs 
to account for the preſervation of trees during the 
winter, notwithſtanding the long continuation of 
the hard froſts to which they are annually expoſed. 


* I ately, by accident, had occaſion to obſerve a very ſtriking proof of the 
extreme difficulty with which Heat paſſes in wood. Being preſent at the 
foundery at Munich, when cannons were caſting, I obſerved that the 
founder uſed a wooden inſtrument for ſtirring the melted metal. It was a 
piece of oak plank, green, or unſeaſoned, about ten inches ſquare and 
two inches thick, with a long wooden handle, which was fitted into a hole 
in the middle of it. As this inſtrument was frequently uſed, and ſometimes 


remained a conſiderable time in the furnace, in which the Heat was moſt. 


intenſe, I was ſurprized to find that it was not conſumed; but I was ſtill 
more ſurpriſed, en examining the part of the plank which had been 


immerſed in the melted metal, to find that the Heat had penetrated it to ſo 


inconſiderable a depth, that, at the diſtance of one-twentieth of an inch 
below its ſurface, the wood did not ſeem to have been in the leaſt affected 
by it. The colour of the wood remained uachanged, and it did not appear 
to have loſt even its moiſture. 
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On the ſame principles we may, I think, ac- 


count, in a ſatisfactory manner, for the preſervation 


af ſeveral kinds of fruit, —ſuch as apples and pears 
for inſtance,—which are known to ſupport, without 
freezing, a degree of cold, which would ſoon 
reduce an equal volume of pure water to a folid 
maſs of ice. 

At the ſame time that the compact ſkin of the 
fruit effectually prevents the evaporation of its fluid 
parts, which, as is well known, could not take 
place without occaſioning a very great loſs of Heat, 
the internal motions af thoſe fluids are ſo much 
abſtructed by the thin partitions of the * 
ſmall cells in which they are confined, that the 
communication of their Heat to the air ought, ac- 
cording to. our hypotheſis, to be extremely flow 
and difficult. Theſe fruits do, however, freeze at 
laſt, when the cold is very intenſe ; but it muſt be 
remembered, that they are compoſed almoſt en- 


tirely of liquids, and of ſuch. liquids as do not grow 


viſcous with cold ; and moreover, that they were 
evidently not deſigned to ſupport, for a long-time, 
very ſevere froſts. 

_  Parſtiips and carrots, and ſeveral other kinds of 
roots, ſupport cold without freezing, ſtill longer 
than apples and pears, but theſe are leſs watery, 
and I believe the veſſels in which their fluids are 
contained, are fmaller; and both theſe circum- 
ſtances ought, according to. our aſſumed. principles, 
to render the paſſage of their Heat out of them 
more difficult, and conſequently to retard their 
congelation. 

But 
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But there is ſtill another circumſtance, and a 
very remarkable one indeed, which, if our conjec- 
tures reſpecting the manner in which Heat is 
propagated in liquids be tfue; mbſt a& a moſt im- 
portant part in the preſervation of Heat, and con- 
ſequently of animal and vegetable life, in cold 
cliniates. But as the probability of all theſe | 
deductions muſt depend, very much, on the evi- 
denee which is brought to prove the great funda- 
mental fact on which they are eſtabliſhed ;=that 
feſpecting the internal motions among the particles 
of liquids, which neceſſarily take place wheit tfiey 
are heated or cooled; before I proceed any 
firther in theſe ſpeculations, I ſhall endeavour to 
throw ſothe more light on that curious and inteteſt« 
ing ſubject, | 1 
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CHAP. I. 


Farther Inveſtigations of the internal Motions among 
.. the Particles of Liquids, which neceſſarily take 
place when they are heated ar cooled. —Deſeription 
F a mechanical Contrivance, by which theſe Mo- 
tions. in Water were rendered uiſible.— An Account 

of warious amuſing Experiments, which were 
made with this new-invented Inſtrument.— hey 

lead to an important Diſcovery. — Heat cannot be 

propagated DOWNWARDS in Liquids, as long as 
they continue to be condenſed by Cold.—lce found, 
by Experiment, to melt more than eighty times 
flower, when boiling hot Water ſtood on its Surface, 
than when the Ice was ſuffered to ſwim on the 
Surface of the hot Water.—The melting of Ie by 
Water ſtanding on its Surface can be accounted for, 
even on the Suppoſition that Water is a perfect 
Non. conductor of Heat.—— According to the afſumed 
Hypotheſis, Water only eight Degrees of Fahren- 
heit's Scale above the freezing Point, or at the 
Temperature of 40*, ought to melt as much Ice, 

in any given Time, when flanding on its Surface, 
as an equal Volume of that Fluid, at any higher 
Temperature, even were it boiling hot-—T his 

remarkable Fact is proved by a great Variety of 

decifeo ve Experiments, Water at the Temperature 

of 41 is found to melt even MORE Ice, when ſtand- 

ing on its Surface, than boiling-hot Water,—The 

Reſults 
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Reſults of all theſe Experiments tend to prove that 
Water is, in fact, a perfect Non- conductor of Heat; 
or that Heat is propagated in it, merely in conſe- 
| of the Motions. it occaſions among the 
. inſulated or ſolitary Particles of that Fluid, which, 
aniong themſelves, have no Communication or Inter- 
courſe whatever in this Operation. — The Diſcovery 
of this Fact opens to our View one of the grandeſt 
and moſt intereſting Scenes in the Economy of 
Nature. x 
A® the particles of. water, as alſo of all other 
Fluids, are infinitely too ſmall to be ſeen by 
human eyes, their motions muſt of courſe be im- 
perceptible by us; but we are frequently enabled 
to judge, with the utmoſt certainty, of the motions 
of inviſible Fluids, by the motions they occaſion in 
viſible bodies. Air is an inviſible Fluid, but we 
acquire very juſt notions of the motions in air, by 
the duſt, and other light bodies which are carried 
along with it in its motions. Nobody who has 
ever ſeen a whirlwind ſweep over the ſurface of a 
ploughed field in dry weather, can have any doubt 
reſpecting the nature of the motions, into which 
the air is thrown on thoſe occaſions ; notwithſtand- 
ing that they are extremely complicated, and 
— be very difficult to deſcribe. | | 
It was by the motions of the very fine particles 
of duſt, which by accident had been mixed with 
the ſpirits of wine in my large thermometer, and 
which, when! ſtrongly illuminated by the direct 
wenn of the ſun, became viſible, that I firſt diſ- 
*. 3 covered 
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covered the internal motions in that Fluid, which 
take place when it is cooling; and, availing myſelf 
of this kind hint, I contrived to render the internal 
motions of water equally viſible. This, I immedi- 

ately ſaw, could be done with the utmoſt facility, 
if I could but find any ſolid body of the ſame 
ſpecific gravity as water, which would be proper to 
mix with it ;—that is to ſay, that would not be 
liable to be diſſolved by it, or to be reduced to ſuch 
{mall particles as to become itſelf inviſible ; but 
ſuch a ſubſtance was not to be found. On reflec- 
tion it occurred to me, that it is very fortunate that 
ſuch ſubſtances do not abound ; for otherwiſe we 
Hould find great difficulty in procuring water in a 
pure ſtate, 

Not being able to find any ſolid enden fit for 
my purpoſe, of the fame ſpecific gravity as pure wa- 
ter, I was obliged to have recourſe to the follow. 
ing ſtratagem. 


Locking over the tables of ſpecific gravities, L 


found that the ſpecific gravity of tranſparent yellow 
amber was but a little greater than that of water, 
being 1.078, while that of water is 1. ooo; and it 
occurred to me, that by diſſolving a certain quan- 
tity of pure alkaline falt, I might augment its 
ſpecific, gravity, or rather bring the ſpecific gravity 
of the ſolution to be preciſely, equal to that of the 
amber, without impairing the tranſparency of the 
liquid, or changing any of its properties, by which 
| the manner of its receiving and n Heat 
could be en affected. 
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This contrivance was put in execution in the 
following manner, with complete ſucceſs. Having 
provided myſelf with a number of glaſs globes of 
various ſizes, with long cylindrical necks, I choſe 
one which was about two inches in diameter, with 
a cylindrical neck + of an inch in diameter, and 
twelve inches long; and putting into it about 
half a tea-ſpoonful of yellow amber, in the form 
of a coarſe powder, (the pieces, which were irre- 
gular in their forms, and tranſparent, being about 
the ſize of muſtard- ſeeds,) poured about it a 
certain quantity of diſtilled water, which was at the 
temperature of the air in my room,—(about 60* F.) 

Finding, as I expected, that the amber remained 
at the bottom of the globe, I now added to the 
water as much of a faturated ſolution of pure vege- 
table alkali, as was ſufficient to increaſe the ſpecific 
gravity of the water, (or rather of the diluted 
ſaline ſolution;) till the pieces of amber began to 
float, and remained apparently motionleſs, in any 
part of the liquid where they happened to reſt. 

As the glaſs body was not yet as full as I wiſhed, 
I continued to add more of the alkaline ſolution, 
and of water, in due proportions, till the globe was 
full; and alfo till its cylindrical tube was filled to 
within about three inches of its end; and then 
clofed it well with a clean cox. 

Having ſhaken the contents of this glaſs body 

well together, I placed it, with its cylindrical tube 
in a vertical poſition, on 2 wooden ſtand, and left 
it to repoſe in quiet, in order to ſee how long the 
ſolid particles of amber (which appeared to be very 

R 4 equally 
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equally diſperſed about in the whole maſs of the 
liquid) would remain ſuſpended. 

Though the greater number of theſe particles 
ſeemed at firſt to have no tendency either to aſcend 
or to deſcend, yet ſome of them ſoon began to move 
very ſlowly upwards, and others to move as ſlowly 
downwards ; and as theſe particles were moving at 
the ſame time promiſcuouſly in all parts of the ſame 
liquid, and even in the ſame part of it in both di- 
rections at the ſame time, the aſcending and de- 
ſcending particles frequently paſſing each other ſo 
near as to touch, I ſaw that theſe motions were in- 
dependent of any internal motion of the liquid, and 
' aroſe merely from the difference of the ſpecific gra- 
vity of the different ſmall pieces of the amber, and of 
that of the liquid. Some of the pieces of amber 
being evidently heavier than the liquid, moved 
downward, while other which were lighter, af 
cended to its ſurface. 

Finding that there was ſo much difference in the 
ſpecific gravities of the different pieces of amber, 
I now added more of this ſubſlance to the liquid, 
and ſuffering it to ſubſide after I had ſhaken it well 
together, I gently poured off what had riſen to the 
top of the liquid, and retaining only that which had 
ſettled at the bottom of it, I increaſed the ſpecific 
gravity of the liquid by adding a little of the alka- 
line ſolution, till the ſmall pieces of amber which 
remained in the glaſs were juſt buoyed up and ſuſ- 
pended in the different parts of the Fluid, where 
they ſeemed to have taken their permanent ſta- 
tions. 

I had 
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had now an inſtrument which appeared to me 
to be well calculated for the very intereſting Ex- 
periments I had projected, and it will eaſily be 
inaginid. thet 1 loſs 20) ties In 'meking ef 
it, 

The firſt Experiment I made with this in- 
ment was to plunge it into a tall glaſs jar, nearly 
filled with water almoſt boiling hot. The reſult 
was juſt what I expected. Two currents, in op- 
poſite directions, began at the ſame inſtant to move 
with great celerity in the liquid in the cylindrical 
tube, the aſcending current occupying the ſides of 
the tube, while that which moved downwards oo- 
cupied its axis. 

As the ſaline liquor grew warm, the velocity of 


\ theſe currents gradually diminiſhed ; and at length, 


when the liquor had acquired the temperature of 
the ſurrounding water in the jar, . theſe motions 
ceaſed entirely. 

On taking the glaſs body out of the _ water, 
the internal motions of the liquor recommenced; 
but the currents had changed their directions, 


that which occupied the axis of the tube n now 


the aſcending current. 

When the cylindrical tube, inſtead of being held 
in a vertical poſition, was inclined a little, the aſ- 
cending current occupied that fide of it which hap- 
pened to be uppermoſt, while the under fide of it 
was occupied by the current which moved (with 
equal velocity) downwards. 

When the contents of the glaſs body. had ac- 
ures the temperature of the air of the _ 
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theſe motions ceaſed, but they immediately re. 
commenced on expoſing the inſtrument to any 
change of temperature. 


In all cafes where the inſtrument received Heat, | 


the current in the axis of its cylindrical tube, when 

it was placed in a vertical poſition, (and that which 

occupied its wpper fide when it was inclined,) 

moved downwards. When it parted with Heat its 

motion was in an oppoſite direction, that is to ſay, 
upwards, == 

A change of temperature amounting 20 


few degrees of Fahrenheit's ſcale, was ſufficient to 
ſet - a contents of the inſtrument in motion; and 


the motion was more or leſs rapid as the velocity 
was greater or lefs with which it acquired or parted 
with Heat, and the motion was moft rapid in thoſe 


parts of the inſtrument where the communication 


Was not rapid. 


A partial motion might at any time be produced | 


in any part of the inſtrument by applying to that 
part of it any body either hotter or colder than the 
inftrument. If the body ſo applied were hotter 
than the inſtrument, the motion of the ſaline liquor 
in it in that part of it immediately in contact with 
the hot body, was upt-⅛ardi,— if colder, downwards; 
and whenever a hot or cold body produced a cur- 
rent upwards or downwards, this current immedi- 
ately produced another in ſome other 2 the 
liquid which flowed in an oppoſite direction. 

On inclining the cylindricat tube of the inftru- 
ment an angle of about 45 degrees with the plane of 


der n the middle of it over the 
flame 
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flame of a candle, at the diſtance of three or four 
inches above the point of the flame ; the motion 
of the Fluid in the upper part of the tube became 
exceſſively rapid, while that in the lower end of it 
where it was united to the globe, as well as that 
in the globe- itſelf, remained almoſt perfectly at 
I even found that I could make the Fluid in the 
upper part of the tube actually boil; without that 
in the lower part of it appearing to the hand to be 
ſenfibly warmed. But when the flame was direct- 
ed againſt the lower part of the tube, all the upper 
parts of it in contact with the liquid, and eſpecially 
that fide of it which was uppermoſt as it lay in an 
inclined poſition, where the aſcending current was 
moſt rapid, where it impinged againſt the las, 
were very ſoon heated very hot. 
The motions in oppoſite directions, in the Baud 
in the tube, were exceedingly rapid on this ſudden 
application of a ſtrong Heat, and afforded a very 
entertaining ſight :—but to a ſcientific obſerver they 
were much more than amuſing. They detected 
Nature, as it were, in the very act, in one of her 
moſt hidden operations, and rendered motions vi- 
ſible in the midſt of an inviſible medium which 
never had been ſeen before, and which moſt pro« 
bably bad never been fufpeted. x 
Fncouraged by this ſucceſs, and confirmed in 
my opinions reſpecting the intereſting fad I had 
undertaken to inveſtigate, now proceeded! with 
confidence to ſtill more direct and deciſive Expe- 
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It, is an opinion which, I believe, is- generally 
received among philoſophers, that water cannot 
be heated in contact with ice: reflecting on the 
ſubje&, 1 immediately perceived that either this 
muſt be a miſtake, or all my ideas reſpecting the 
manner jn which Heat is propagated in that -Fluid 
muſt be erroneous. I ſaw that as long as the ice 
floats at the ſurface of water which is attempted to 


be warmed over a fire, (or in any other way,) the 
ice-cold water which reſults from the melting of 


the ice, muſt, according to my own hypotheſis, 
| deſcend, and ſpreading over the bottom of the con- 
taining veſſel, and, before it has time to be much 
heated, being in its turn forced to give place ta 
the ice-cold water which, as long as any ice re- 


mains, continues to deſcend in an uninterrupted 


ſtream as long as this operation is going on, the 
maſs of the water cannot be much heated ; but on 
the ſuppoſition that water is not a conductor of 
Heat, according to the common acceptation of that- 
term, or that Heat cannot paſs in that Fluid except 
when t is carried by its particles, which, being put 
in motion by the change 1 it occaſions in their ſpe- 
_ eific gravity, tranſports it from place to place, it 
does not appear how ice, if inſtead of being. per- 
mitted. to ſwim on water, were *confined at the 
bottom of it, or at any given diſtance. below its ſur- 
face, could in any way affect the temperature of the 
ſuperincumbent water, or prevent its receiving 

Heat from other bodies. 
Were water a conductor of Heat, there is no 
doubt but that the influence of the preſence of the 
| ICE 


Ice 
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ice would be propagated in the water in 25 
tions. 

The metals are all conductors of Heat, and 
Profeſſor Pix TRT found by an ingenious -and de- 
ciſive Experiment *, that in a bar of copper 33 
inches in length, placed in a vertical poſition, Heat 


paſſed downwards as well as upwards, and nearly 


with the ſame facility in both theſe directions; and 
if it can be ſhown that Heat cannot deſcend in water, 
that alone will, I imagine, be thought quite ſufficient 
to prove that water is not a conductor of Heat. 

When we meditate profoundly on the nature 
of Fluidity, it ſeems to me that we can perceive 
ſome faint lights which might lead us to ſuſpe& 
that the cauſe, and I may ſay the very eſſence of 
fluidity, is that property which the particles of 
bodies acquire when they become fluid, by which 
all farther interchange or communication of Heat 


among them is prevented. But however this may 


be, the reſult of the following Experiments will 
certainly be conſidered as affording indiſputable 
evidence of one important fact reſpecting the man- 
ner in which Heat is propagated in water. 


Experiment, No. 1 5. 


Into a cylindrical glaſs jar 4.7 inches in diame- 
ter, and 14 inches high, I fitted a circular cake of 
ice nearly as large as the internal diameter of the 
jar, and 3+ inches thick, weighing 104 oz. 


o Efſais de Phyſique, tome 1. Geneve 1790. 


This 


| 
| 
| 
| 
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This cake of ice being ready, I now poured into 
the jar 6 Ib. 14; oz. Troy, of boiling-hot water, 


and: putting the ice gently into it, I found that it 


was entirely melted in 2 minutes and 58 ſeconds. 
Having found by this Experiment how long the 
ice was in melting at the ſurface of the hot water, 
I now endeavoured to find out whether it would 
not requite a longer time to melt at the bottom 
- of the water. 


Experiment, No. 16. 


Into the ſame jar which was ufed in the fore- 
going Experiment, I now put a cake of ice of the 
ſame form and dimenſions as that above deſcribed, 
but inſtead of letting it ſwim at the ſurface of the 
hot water, I faſtened it down on the bottom of the 
jar, and poured the water upon it. 

This cake of ice was faſtened down 1 in the jar 

by means of two flender and elaſtic pieces of deal 
about g of an inch thick, and 2 of an inch wide, 
which bong a trifle longer than the internal dia- 
meter of the jar, were of courſe a little bent when 
they were introduced into it in an horizontal po- 
fition, and on being put down upon the ice, at 
right angles to each other, ſeryed to confine the 
lee, and prevent its riſing up to the ſurface when 
the water was put into the jar upon it. 


To protect the ice while the boiling-hot water 


- was pouring into the jar, its ſurface was covered 
with a circular piece of ſtrong writing paper, which 


was afterwards removed as gently as poſſible by 
means 
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means of a ſtring which was faſtened to one fide 
of it; and to prevent the glaſs jar from being 
cracked by the ſudden application of the boiling-bot 


water, I began by pouring a fmall quantity of cold 
water into the jar,—juſt enough to fill up the in- 


terſtices between the ice and the glaſs, and to 
cover the ice to the height of about t of an inch; 


and in pouring the hot water into the jar, out of 
a large tea-kettle in which it had been boiled, I 
took care to direct the ſtream againſt the middle 
of the circular piece of paper which covered the 

The jar with the ice and the hot water in it being 
placed on a table near a window, I drew away as 


- gently as poſſible the paper which covered the fur - 


face of the ice, and prepared myſelf to obferve at 
my eaſe the refult of this moſt intereſting Expe- 
A very few moments were ſufficient to ſhow me 
that my expectation with regard to it would not de 
diſappointed. In the former Experiment a ſimilar 


eake of ice had been entirely melted in lefs than 


three minutes; but in this, after morethan twiee that 
time had elapſed, the ice did not ſhow any apparent 
ſigns of even beginning to melt. Its furface remained 
ſmooth and ſhining, and the water immediately 


in contact witty it appeared to be perfe&ly' at reſt, _ 


though the internal notions of the hot water above 
it, which was giving off its Heat to the ſideꝝ of 
the jar and to the air, were very rapid, as I coulf 
diſtinly perceive by means of fome earthy particles 


or 
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or other impurities which this water happened to 
I examined the ice with a very good lens, but 
it was a long time before I could perceive any ſigns 
of its melting. The edges of the cake remained 
ſharp, and the minute particles of duſt, which by 
degrees were precipitated by the hot water as it 
grew colder, remained motionleſs as ſoon as they 
touched the ſurface of the ice. 


As the hot water had been brought from the 


kitchen in a tea-kettle, it was not quite boiling hot 
when it was poured into the jar. After it had 
been in the jar one minute, I plunged a thermo- 
meter into it, and found its temperature to be at 
180˙. 


the depth of one inch under the ſurface was 1700. 


At the depth of ſeven inches, or one inch above 


the ſurface of the ice, it was at 16975 while at only 
Z of an inch lower, or + above the ſurface of the 


ice, its temperature was 40?. 


When 20 minutes had elapſed, the Heat in the 


water at different depths was found to be as follows: 

lmmediately above the ſurface of the ice 40 

At the diſtance of + an inch above it 46. 
At 1 inch + = 2 1905 | 
At 3 inches 2, e200 
At 7 inches «$1.5: 266 


When 35 minutes had elapſed, the Heat was as 


follows : 
At the ſurface of the „ o 
2 an inch above it — - 70 
7-4 . 1 inch 


After 12 minutes had elapſed, its temperature at 


F 2 


8 C 2 3 


5 n nud. * 345 
inch above t 1 te 


2 inches -; eee 
3 inches - « s 248 
5 inches Oh ISIS 7 fo 


+ inches. - - = - 149 
At the end of one hour the Heat was as follows: 
At the ſurface of the ie 40 
1 lach above it 3686 


2 inches © = |: oa 

3 inches - - 4 139 

4 inches 33 130 

7 inches - 131“ 
After r hour and 15 minutes had elapſed, the 

Heat was found to be as follows : 

At the ſurface of the ie - 40 
I inch above it 82⁵ 
2 inches - * 5 106 

3 inches „ | , 


The Heat of the water had hitherto been taken 
near the ſide of the jar; —in the two following 
trials it was meafuted in the middle or a of the 
Jar. 

When 1 hour 12 30 minutes (reckoning al- 
ways from the time when the. boiling-hot water 
was poured into the jar) had elapſed, the Heat of 
the water in the middle of the jar was found to be 
as follows: 

At the ſurface of the ice 40 


I inch above it „ 
3 |. 115⁵ 
Allee - 116* 

7 inhere 1177 
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| When 2 hours had elapſed, the Heat in the middle 
of the jar was found to be as follows: 


At the ſurface of the ice - » 40? 
1 inch above it —.— 265 


— A 94% 

. 3 inches jw a0. = , 106? : 
4 inches - dog 
6 inches 1 0 - +. C00.” 
„ 33 108% 


An end dan ' now w put to the Experiment, the 
Hot water was poured off from the ice, and on 
weighing that which remained, it was found that 


5 oz. 6 grains Troy (2406 grains) of ice had 
been melted. | 

Taking the mean temperature of the water at 
the end of the Experiment at 106*, it appears 
that the maſs of hot water (which weighed 73 


t _ ounces) was cooled 78 degrees, or from the tem- 


perature of 184? to that of 106* during the Ex- 
periment. Now, as it is known that one ounce of 
ice abſorbs juſt as much Heat in being changed to 
water as one ounce of water loſes in being cooled 
140 degrees, it is evident that one ounce of water 
which is cooled 78 degrees, gives off as much Heat 
as would be ſufficient to melt e of an ounce of 
ice; conſequently the 734 ounces of hot water, 
which in this Experiment were cooled 78 degrees, 
actually gave off as much Heat as would have been 
fufficient to have melted 24 W 407% ounces of 
ice. 

But the quantity of ice actually melted was 
r about 5 ounces; and hence it appears that 
FT 


leſs than one. eighth part of the Heat loft by the water = 
was communicated to the ice ; the W | 
off by the air. 

As the ſame quantity of hot water was uſed in 
this Experiment, and in that, No. 15, which im- 
mediately preceded it, and as this water was con- 
tained by the ſame vefſel,—(the glaſs jar above 
deſcribed,)—it appears that ice melts more than 


eighty times ſlower at the bottom of a maſs of boil- 
ing-hot water, than when it is ſuffered to ſwim on 
its ſurface: For, as in the Experiment No. 15, 
101 oz; of ice were melted in 2 minutes and 58 


ſeconds, 5 ounces at leaſt muſt have been melted 


in t minute and 29 ſeconds; but in the Ex- 
periment No. 16, 2 hours or 120 minutes were 
employed in melting 5 ounces. 

- The ice however was melted, though very ſlowly, 
at the bottom of the hot water, and that circum- 
ſtance alone would have been ſufficient to have 
overturned my hypotheſis reſpecking the manner 
in which Heat is propagated i in liquids; had I not 
found means to account in a ſatisfactory manner 
for that fact, without being obliged to abandon my 
former opinions. 

In about half an hour a the bak 
been poured- into the jar, in the laſt Experiment; 
_ examining the ſurface of the ice I diſcovered an 
appearance which fixed my attention and excite 
all my curiofity : I perceived that the ice had been 
melted and diminiſhed at its ſurface, excepting only 
whe RR Tour covered, or as it were ſhadowed 

$2 by 


— 
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by the flat flips of deal by which the cake of ice 
was faſtened down in its place. 


Had the ice been protected and prevented from 
being melted by that piece of the wood only, which, 
being undermoſt of the two, repoſed immediately 
on the ſurface of the ice, I ſhould not perhaps have 
been much ſurpriſed; but that part of the ſurface of 
the ice being likewiſe protected which was ſituated 

immediately under the other piece of wood, — that 
which, lying acroſs the under piece, and reſting on 
it, did not touch the ice any where except juſt at its 
edge, that circumſtance attracted my attention, and 
I could at firſt ſee no way of accounting for theſe 
appearances but by ſuppoſing that the ice had been 
| Inelted by the calorific rays which had been emitted 
- by the hot water ; and that thoſe parts of the ice 
which had been ſhadowed by the pieces of deal 
receiving none of theſe rays, had of courſe not 
been melted. _ 
I was ſo much ſtruck with theſe appearances, 
that 1 immediately made the following Experi- 
ments, with a view merely to the elucidation of * 
matter. | 


5 Experiment, No. 17. 


Inte a chien glaſs jar, 64 inches 5 in diame- 
ter, and 8 inches high, I put a circular cake of ice; 


- as long as could be made to enter the jar, and 


about 3+ inches thick; and on the flat and even 
© ſurface of the ice I placed a circular plate of the 

tin I could enen near FO inches in dia- 
F meter, 
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meter, or or ſufficiently large juſt to cover the ice. 


This plate of tin (which, to preſerve its form, or . 


keep it quite flat, was ſtrengthened by a ſtrong 
wire, which went round it at its circumference) 
had a circular hole in its centre, juſt two inches in 
diameter, and it was firmly fixed down on the 
upper ſurface of the cake of ice, by means of ſeve- 
ral thin wooden wedges which paſſed between its 
circumference and the ſides of the jar. 

A ſecond circular plate of tin, with a circular 
hole in its centre two inches in diameter, and in 
all other reſpects exactly like that already deſcribed, 
was now placed over the firſt, and parallel to it, at 
the diſtance of juſt one inch, and like the firſt was 
firmly fixed in its place by wooden wedges. | 
. | Theſe perforated circular plates being fixed in 
their places, the jar was placed in a room where 
Fahrenheit's thermometer ſtood at 34% and ice · 
cold water was poured into it till the water, juſt 


covered the upper plate; and then the jar was 


filled to within half an inch of its brim with boil- 
ing water ; ,and being covered over with a board, 
was ſuffered to remain quite two hours. l 

At the end of this time, the water, which was 
till warm, was poured off, and the circular plate 
being removed, the ice was examined, _ 

A circular excavation, juſt as large as the hole. 
in the tin plate which covered the ice, (namely two 
inches in diameter,) and correſponding with it. 
perfectly well defined, and about FF, of an inch 
SATIN had been made in the ice. . 


This 
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This was what I expected to find; but there 
was ſomething more, which I did not expect, and 
which, for ſome time, I was quite at a loſs to 
account for. Every part of the furface of the ice 
which had been covered by the tin plate, appeared 
to be perfect, level, and ſmooth, and ſhowed no 
ſigns of its having been melted or diminiſhed, ex- 
cepting only in one place, where a channel, about 
an inch wide, and a little more than 25 of an inch 
deep, which ſhowed evident marks of having been 
formed by a ſtream of warm water, led from the 
excavation juſt mentioned, in the centre of the 
upper part of the cake of ice, to its circumference. 
As the edge, or vertical fide, of the cake of ice 
was evidently worn away where this ſtream paſſed, 
there could be no doubt with reſpect to its direc- 
tion. It certainly run owt of the circular excava. 
uon in the middle of the ice; and though it might 
at firſt appear difficult to explain the fact, and to 
ſhow how this hot water could arrive at that place, 
yet it was quite evident that the immediate cauſe 
of the motion of this ſtream of water could be no 
other than its ſpecific gravity being greater than 
that of the reſt of the water at the ſame depth: 
and that this greater ſpecific gravity was at the 
fame time accompanied by a higher degree of Heat, 
zs evident from the deep channel which this ſtream 

had melted in the ice, while other parts of the 

ſurface of the ice, at the ſame level, were not 

melted by the water which reſted on it. To ehici- 
| fate this point, I ps * Experiment: 
| Expe- 


| Experiment, No. 18. 


Thinking it probable, that if the circular exca- 
vation in the ice, which anſwered to the circular 
hole in the middle of the tin- plate which covered 
the ice, and alſo to that in the ſecond plate, which 
was placed an inch higher, had been melted by 
radiant Heat, (as it has improperly been called,) 
or by the calorific rays from the hot water ; that, 
in that caſe, as ſome of theſe rays muſt probably 
have been reflected downwards at the ſurface, of 
the water, in attempting to paſs upwards into the 
ar ; I thought that by preventing this part of them 
from reaching the ice, which I endeavoured to do 
by cauſing them to be abſorbed by a light black 
body, (a circular piece of deal board, covered over 
with black filk,)- which I cauſed to ſwim on the 
ſurface of the water, their effects in melting the 
ice might perhaps be ſenſibly diminiſhed, Had 
this really been the caſe, it would certainly have 
afforded ſtrong grounds to ſuſpe& that theſe rays 
were in fact the cauſe of the appearances in queſ{- 
tion; but on making the Experiment with the 


greatoſt care, I could not perceive that the cover» ,, 


ing of the ſurface of the hot water with a blagk 
body produced any difference whatever in the. 
reſult of the Experiment as it was firſt made, 
(Experiment No. 17. or when this black coyering 

was not uſed, 
After ſome meditation on the ſubjeQ, jt oc- 
curred to me that this melting of the ice at its 
4 upper 
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upper ſurface could be accounted for, in a manner 91 
which appeared to me to be perfectly fatisfaftoryz _ pt 
without ſuppoſing either that water is a conduQor | CC 
of Heat, or that the effect in queſtion was n Cc 


” calorific Tays. 
Though it is one of the malt kin laws of na · of 
4 with'wWhich we are'nequainted, that all bodies, cc 
folids as well as fluids, are condenſed by cold; 
yet, in regard to water, there appears to be a very | pl 
remarkable exception to this law. Water, like to 
- all other known bodies, is indeed condenſed by tw 
cold at every degree of temperature which is con- nc 
ſiderably higher than that of freezing, but its an 
eondenſation, on parting with Heat, does not go ba 
on till it is changed to ice; but when in cooling its ice 
temperature has reached to 40 degrees of Fahren ; wh 
heit's ſcale, or eight degrees above freezing, it | 
ceaſes; to be farther, condenſed ; and on being ce 
| cooled ſtill farther, it actually expands, and con- col 
Anues to expand, as it goes on to loſe more of its wit 
To Heat, till at laſt it freezes; and at the moment | w 
when it beeomes ſolid, and even after it has be- ſha 
come ſolid, it expands ſtill more, on growing ſce 


colder. This fact, which is noticed by M. pz Luo, | 
in his excellent treatiſe on the modifications of the | 

atmoſphere, has ſince been farther inveſtigated and 
put beyond all doubt, by Six CHARLES BLAGDEN. - 

See Philoſophical Tranſactions, vol. IXxviii. 
Now, as water in contact with melting ice is 
always at the temperature of 320, it is evident that 
water at that temperature muſt be ſpecifically 
25705 than water which is W degrees warmer, 
or l N 
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or at the temperature of 40* ; conſequently, if two 
parcels of water at theſe tw temperatures be 
contained in the ſame veſſel, that which is the 
coldeſt and lighteſt, muſt neceſſarily give place to 
that which is warmer and heavier, and currents 
of the warmer water will deſcend in that which is 
colder, _. | 
In the two laſt Experiments, as the circular tin- 
plate which. covered the ſurface of the ice ſerved 
to confine the thin ſheet of water which was be- 
tween the plate and the ice, as this water could 
not riſe upwards, being hindered by the plate, 
and as it had no tendency to deſcend, it is pro- 
bable that it remained in its place; and as it was 


icexcald, it was not capable of melting the i ice on 


which it repoſed, 

But as the tin-plate had a circular hole in its 
centre, the ſurface of the ice in that part was of 
courſe naked, and the ice-cold water in contact 
with it being diſplaced by the warmer and heavier 
water from above, an excavation, in the form of a 
ſhallow baſin, was formed in the ice by this ae" 
ſcending warm current. 

The warm water contained in this baſin over- 
flowed its banks as ſoon as the baſin began to be 
formed; and ifluing out on that fide which hap- 
pened to be the loweſt, opened itſelf a paſſage 
under the tin- plate to the edge of the ice, over 
which it was precipitated, and fell down to the 
bottom of the jar. The water of this rivulet being 
warm, it ſoon formed for itſelf a deep channel in 
the ice; and at the end of the Experiment it was 

291/45 found 
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found to be every where deeper than the bottom of 
the baſin where itgook its riſe. | 
This manner of accounting for the appearances 
in queſtion, ſeemed to me to be quite ſatisfactory; 
and the more I meditated on the ſubject, the more 
I was confirmed in my ſuſpicions that all liquids 
muſt neceſſarily be perfect non- conductors of Heat. 
On theſe principles I was now enabled to ac- 
count for the melting of the ice at the bottom of 


the hot water in the Experiment No. 16; as alſo 


for the flowneſs with which that proceſs went on; 


and encouraged by this ſucceſs, I now proceeded 


with confidence to plan and to execute ſtill more de- 
cifive Experiments; from the reſults of which, I 
may venture to ſay it, the important facts in queſ- 
tion have been put beyond all poſſibility of doubt. 
If water be in fact a perfect non- conductor of 
Heat, — that is to ſay, if there be ' no communication 


whatever of Heat between neighbouring particles 


or molecules of that fluid, (which is what I ſuppoſe,) 
N then, —as Heat cannot be propagated in it but only 


in conſequence of the motions occaſioned in the 
fluid by the changes in the ſpecific gravity of thoſe | 


particles which are occaſioned by the changes of 
their temperature, it follows that Heat cannot be 


| propagated downoards in water, as long as that 


fluid continues to be condenſed with cold; and 


that it is only in that direction, (downwards,) that = 
can be propagated after the water has arrived at that 


temperature, where it begins to be expanded by 
cold ;3which has been found to be at about the 
bn pet 3 ah 
Reaſoning 


in Nuidi. * 


Reaſoning on theſe principles, we are led to 
this remarkable concluſion ; namely, that water 
which is only eight degrees above the freezing point, 
or at the temperature of 40", muſt be able to melt ar 
much ice in any given time, WHEN STANDING ON 
1TS SURFACE, as an equal volume of water at any 
higher temperature, EVEN THOUGH Tr WERE BOIL- 
ING HOT, 

My philoſophical reader will doubtleſs think 
that I muſt have had no ſmall degree of confidence 
in the opinion I had formed on this intereſting 
ſubject, to have had the courage to make, even in 
private, the Experiments which were neceſſary to 
aſcertain that fact. 


Experiment, No. 19. 


Into a cylindrical glaſs. jar, 4.7 inches in diame- 
ter, and 13.8 inches high, I put 43.87 cubic inches, 
or 1 Ib. 115 oz. Troy, in weight, of water, and 
placing the jar in a freezing mixture, compoſed of 
pounded ice and common fſea-falt, I cauſed the 
water to freeze into one compact maſs ; which ad- 
hered firmly to the bottom and fides of the jar, 
and which formed a cylinder FEAR three inches 


Had the bottom of the jar "BA quite flat, inſtead 
of being raiſed or vaulted, the cylinder of ice would 
have been no more than 2.67 inches high. | 

As ſoon as the water in the jar was completely 
frozen, the jar was removed from the freezing 
mixture, and placed in a mixture of pounded ice. 
and pure water, where it was ſuffered to remain 
| four 
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four hours, in order that the cake of ice in the 


jar might be brought to the temperature of 325 

Ihe jar ſtill ſtanding in a ſhallow diſh in the 
pounded i ice and water, the ſurface of which cold 
mixture was juſt on a level with the ſurface of the 
ice in the jar, I covered the top of the cake of ice 
with a circular piece of ſtrong paper, and poured 
gently into the jar 734 oz. Troy of boiling- hot 


water, which filled to the height of eight inches 


above the ſurface of the ice. (See Plate II.) 
I then removed very gently the circular piece 
of paper which covered the ſurface of the ice, and 
after leaving the hot water in contact with the ice 
a certain number of minutes, I poured it off, and 
—veighing immediately the jar, and the unmelted 
ice which remained in it. I aſcertained the quantity 
of ice which had been melted by the hot water during 
the time it had been ſuffered to remain in the jar. 
This Experiment I repeated four times the ſame 
day, (16th March 1797,) varying at each repe- 
tition of it the time the water was permitted to 
remain on the ice. The reſults of theſe Expert: 
ments were as en: : 


TIT Temperature 
va- | of the hot] of the wer 
J. ter re- water when] 1 inch below 

* mained | it was pour - its ſurface at 
* on the ed on the the end of the 


E ice. ice. | Experiment. 
N Minter. | - 1 4 
No. 19 1 „ 186» | Not obſerved 
No. 20 31 185* | Not obſerved 
KN; 254-484 1 ingot 
. No. 2260 186 246” 


From the reſults of theſe Experiments, it was 
plain that a very conſiderable portion of the ĩce 
which was melted, was melted in the very begin- 
ning of the Experiments, or while the hot water 
was actually pouring into the jar; which operation 
commonly laſted about one minute; and the irre- 
gularities in the reſults of the Experiments, and 
particularly of the three firſt, ſhowed evidently 


that ' the quantity of ice melted in that opera- 


tion was different in- different Experiments. I had 
indeed foreſeen that this would be the caſe; and 
on that account it was that I covered the ſurface 


of the ice with a circular piece of ſtrong paper, 


and always took care to pour the water very gently 
into the jar : but I found that all theſe precautions 
were not ſufficient to prevent very conſiderable 
anomalies in the reſults of the Experiments; and 
as I found reaſon to ſuſpe& that the motion in the 
maſs of the hot water, which was unavoidably oc- 
cafioned by removing the circular piece of paper 
which covered the ice, was the principal cauſe of 
theſe i inaccuracies, I had recourſe to CE and 
a better contrivance. 20 

- Having procured a flat, ſhallow diſh, of light 
wood; half an inch deep, 4+ inches in diameter, 
(or ſomething leſs than the internal diameter of the 


jar,)—and about ; of an inch thick at its bottom, 


I bored a great number of very ſmall holes through 
its bottom, which gave it the appearance of a 
ſieve. This perforated: wooden diſh having been 
previouſly made ice-cold, was placed on the ſurface 
of l ice in a the jar; and the hot water being 
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gently poured into the diſh through a long wooden 
tube ; as this perforated diſh floated and remained 
conſtantly at the ſurface of the water, and as the 
water paſſing through ſuch a great number (many 
hundreds) of ſmall holes, was not projected down- 
wards with force, it is evident that by this ſimple 
contrivance thoſe violent motions in the mals of 
water in the jar, which before took place when 
the hot water was poured in the ice, and when the 
Paper which covered the ice was 28 were, 
in a great meaſure, prevented. 

In order that the water which was poured 
through the wooden tube (the bore of which was 
about half an inch in diameter) might impinge 
perpendicularly and with force againſt the bottom 
of the diſh, the lower end of the tube was cloſed 
by a fit cork ſtopple, and the water was. made to 


iſſue horizontally through a number of ſmall holes 


in the ſides of this tube, at irs lower end. 1 

As ſoon as the operation of pouring the hot 
water into the jar was finiſhed, the perforated diſh 
was carefully removed, and the. jar was covered 
with a circular wooden cover, from the centre of 


R 


pended. 


The effects des by this new arrangement of | 


the machinery will appear by comparing the reſults 
of the two loving Experiments with thoſe juſt 
mentioned. 
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D ture of the 
hot waer Une, (Quantity 
— 1 0 

remained | Atthebe-| At the 

2 "| ginning. | end. 

Minutes. 21 | Grains. 
$1 I 1969 196? 423 | 
IST | 190? 4 188? | 703 __ 


In order ſtill more effeQtually to prevent the in- 
accuracies ariſing from the internal motions in the 
maſs of hot water which were occaſioned in pour- 
ing the water into the jar, (and which could not 
fail to affect, more or leſs, the reſults of the Ex- 
periment,) I had recourſe to the following con- 
 trivance. ” 

I I filled a ſmall phial containing 8+ cubic riches 
with ice-cold water, and then emptying the phial 
min the jar, I covered the ſurface of the ice with 
this ice-cold water to the height of 0.478 of an 
inch. 

On the ſurface of this ice-cold water, inſtead of 
that of the ice, I now placed the perforated wooden 
diſh previouſly made ice-cold, and poured the hot 
water upon it. 

The reſults of the Seeing Experiments ſhow 
that this contrivance tended much to diminiſh the 
1 irregularities of the Experiments. 

The air of the room in which theſe Experiments 
were made was of the temperature of 4. 
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"HED Temperature of the [" oY : 
. Time che hot water one inch 3 
hot water below its ſurface, anti) 
No. of the | was onthe of ice | 
Experiment. ra FREE the | At the melted. 
; ginning] end. 
= & Minutes. | | Grains. 
— — Io 192*.. | a0 580 
| No. 2 © 190? 165? 914 
No. 27 180 | 190% 95˙ 3200 | 


From the reſults of theſe laſt three Experiments, 
ve can now determine with a very conſiderable 
degree of. certainty how much ice was melted in 
the act of pouring the water into the jar, and con- 


ſequently the rate at which it was melted in the 


ordinary courſe of the Experiment ;—ſuppoſing 
equal quantities to be melted in equal times... 
As in the 27th Experiment 3200 'grains- were 
melted. in 180 minutes, and in the 25th Expe- 
riment 580 grains were melted in 10 minutes, 
we may ſafely conclude: that the ſame quantity 
| muſt have been melted in the ſame time (16 
minutes) in the 27th Experiment; if, therefore, 
from 3200 grains, the quantity melted in 180 
| minutes in this laſt Experiment,—we deduct 580 
for the quantity melted. during the firſt 10 
minutes, there will remain 2620 grains for the 
melted in the ſucceeding 170 minutes, 
when the motions occaſioned in the water on it 
being poured into the jar having ſubſided, we may 
ſuppoſe the proceſs of —_ the ice to have gone 
on. regularly. 7 
But if in the regular courſe of the Experiment, 
no more than 2620 grains were melted in 170 


minutes, 


* 
— 
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minutes, it is evident that not more than t 54: grains | 
could: have been melted in the ordinary courſe of 
the proceſs in 10 minutes; for 170 minutes: 2620 
grains: :'10 minutes: 154 grains.—lf, therefore, 
from 580. grains, the quantity of ice actually melt. 
ed in 10 minutes in the 25th Experiment, we de- 
duct 154 grains, there remains 426 for the quan- 

tity melted in pouring the water into the jar. 

Eet us ſee now how far this agrees with the re- 
ſult of che 26th Experiment. In this Experiment 
914 grains of ice were melted in 30 minutes. 
I from this quantity we deduct 426 grains, the 
quantity which according to the foregoing com- 

putation muſt have been melted in pouring the hot 
wuter into the jar, there will remain 478 grains 
for the quantity | melted in the ordinary courſe 
of the proceſs in 30 minutes; which gives 159 
grains for the quantity melted in ro minutes; 
which differs very little from the reſult of the ' 
foregoing computation, by which it appeared to 
be=154 grains. This difference however, ſmall 
ay it is, is ſufficient to prove an important fact, 
namely, that the effects produced by the motion 
into which the hot water had been thrown in 
being poured into the jar had not ceaſed entirely 
in 10 minutes, or when an end was put to the 5th 
Experiment. We ſhall therefore come nearer the 
*truth; if, in our endeavours to diſcover the quantity 
of ice melted in any given time in the ordinary 
courſe of the Experiments, we found our com- 
putation on the reſults of the tvo amen 1 
No. 26 and No. 27. | 
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In the latter of theſe Experiments 3200 grails: 
of ice were melted in 180 minutes, and in the 
former 914 grains were melted in 30 minutes. If, 
therefore, from 3200 grains, the quantity melted 
in 180 minutes, we take the quantity melted in 
the firſt 30 minutes, =914 grains, there will re- 
main 2286 grains for the quantity melted in the 
ſucceeding 150 minutes, and this gives 152 grains 
for the quantity melted in 10 minutes. By the 
former nen it turned out to be 154 
grains. | 

But if 152 grains of i ice is the 3 melted 
in 10 minutes, in the ordinary courſe of the 

proceſs, three times that quantity, or 456 grains 
only, could have been melted in this manner in the 
30 minutes during which the 26th Experiment 
laſted; and deducting this quantity from 914 
grains, the quantity actually melted in that Expe- 
riment, the remainder, 458 grains, ſhows ho- 
much muſt have been melted i in the pouring the 
hot water on the ice, or in conſequence of the 
motions into which the water was thrown in the 
performance of that operation. By the preced- 
ing computation this WY, ul out to be 
426 grains. | 

From the reſult of, theſe eee I think 
we may ſafely conclude, that in the ordinary courſe. 4 
of the Experiments not more than 152 grains of 
ice were melted by the hot water in 10 minutes. 

I ſhall now proceed to give an account of ſeveral 
Experiments i in which the water employed to melt 
the ice was at a much lower temperature. 

. * Heng 
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Having removed a ſmall quantity of ice which 
remained unmelted in the bottom of the jar, I put 
a freſh quantity of water into it, and placing the 
jar in a freezing mixture, cauſed this water, which 
filled the jar to the height of four inches, to freeze 
into one ſolid maſs of ice. I then placed the jaar 
in a ſhallow earthen diſh, and ſurrounded it to the 
height of the level of the top of the ice with a 
mixture of ſnow and water (ſee Plate II.); and 
placing it in a room in which there had been no 
fire made for many months, and in which the 
temperature of the air was at-41*, I let it remain 
quiet two hours, in order that the ice might acquire 
the temperature of 32. 

This being done, I took the jar out of the 
earthen diſh, and wiping the outſide of it dry with 
a cold napkin, I weighed the jar with the ice in it 
very exactly, and then replaced it in the earthen 
diſh, and ſurrounded it as before with ſnow and 
water, to the height of the level of the ſurface of 
the ice. © 

Ithen bored 73 ounces Troy(=1 $466 grains) 
of water, at the temperature of 41*, into the jar, 
which covered the ice to the ſame height to which 
it had been covered in the former Experiments, 
namely, to about 8 inches, and ſuffering it to 
on the ice a certain number of minutes, T 
then poured it off, and wiping the outſide of the 
jar, weighed it, in order to aſcertain how much 
ice had been melted. | 

In putting this cold water into the jar the ſame 
e were uſed (by pouring it through the 

T2 wooden 
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wooden tube into the perforated wooden diſh,, &c.) 
| as were uſed when eee beg ed: 
the water. WH 
The following Table "wake the ade of fx 
Experiments made the ſame day, (the 19th March 
1797z) in the order in which they are numbered, 
ann utmoſt care: 


| Pe- 
Exper — rature'of | | 
ment. [At the be-| At the n air. | ( 
the Exp. | the Exp 1 | ; 
No. 28 41® 40” l 7 
No. 29 41 40? 41 7 
* 30 | 41 40 | 419 | 
o. 31 | 41? 40 419 Be 


E 
No. 32 5 412 '- i 389 (7 | 41 
No. 33 42 | —= 22 + | 


The . in the hin of theſe Lopes 


ments is not much leſs extraordinary than the ſur- 
priſing fact which is proved by chem. — namely, 
that boiling-hot water does not thaw. more ice in 
any given time when ftanding quietly. an, its Surface 
than water at the temperature of 41 —or nine 
degrees only above the point of freezing! mW om, 
I here is reaſon to conclude that it does not even 
thaw ſo much; —and this ſtill, more remarkable 
circumſtance may, I think, be accounted for in a 

ſatisfactory manner, on the ſuppoſition (which, 
however, I imagine will no longer be conſidered as. 
a bare 
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a bare e ee that water is a non · conductor 
of Heat. 

It appeared from the reſults of the Experiments 
made with hot water, that the quantity of ice melt-' 
ed in 10 minutes in the ordinary courſe of that 
proceſs amounted to no more than 152 grains z— 
but in theſe Experiments with cold water, the 
quantity melted in that time was never leſs than 
203 grains, and taking the mean of four Experi- 
ments, it amounted to 222 grains. ö 

There is one circumſtance, however, reſpecting 
theſe Experiments with cold water, which it is ne- 
ceſſary to inveſtigate before their reſults can be 
admitted as complete proof in the important caſe 
in queſtion. | | 
| In the Experiments which » were made with hot 

water, it was found that a conſiderable part of the 
ice which was melted, was melted in conſequence 
of the motions into which the water was thrown 
upon being poured into the jar, and that the effect 
of theſe motions continued to be ſenſible for a 
longer time than moſt of theſe Experiments with 
cold water laſted,” Is it not poſlible that the reſults 
of- theſe Experiments. with cold water may alſo 
have been affected by the ſame cauſe ? This is ions 
I ſhall endeavour to find out, | 

In the 32d Experiment 617 grains of ice were 
melted i in zo minutes, and in the 33d Experiment 
585 grains were melted in the ſame time; and 
taking the mean of theſe two Experiments it ap- 
pears that 601 grains were melted in 30 minutes. 
it now from this quantity we deduct that which, 
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according to the mean reſult of the four preced- 


ing Experiments, muſt have been melted in 10 
minutes, namely, 222 grains, there will remain 379 
grains for the quantity melted in the laſt 20 mi- 
nutes. in theſe two Experiments; conſequently, 
half this quantity, or 1894 grains, is what muſt 
have been melted in 10 minutes in the ordinary 
courſe of the proceſs. 

. But this quantity, (189 grains,) though leſs 
than what was actually melted in 9 Experiments 
which laſted only 10 minutes, is ſtill conſiderably 
greater than 452 grains, the quantity which was 
found to have been melted in the ſame time in 
the ordinary courſe of the proceſs in thoſe Expe- 
riments in which hot water was uſed; conſe. 
quently the great queſtion for the deciſion of which 
theſe Experiments were contrived is,—T believe 1 
may venture to ſay, - decided. 

But, however conclufive the reſult of theſe Ex- 
periments appeared to me to be, I felt myſelf too 
much intereſted in the ſubject to reſt my inquiries 
here. 

Having found, as well from the reſults of the 
Experiments made with cold water as from thoſe 
made with hot water, that a conſiderable quantity 


of ice was melted in the act of pouring the water 


into the jar, and in conſequence of thoſe undulatory 


motions into which the water was thrown in that 


operation, notwithſtanding all the pains I had taken 
to diminiſh'thoſe motions and prevent. their effects, 
I now doubled my precautions in guarding _ 
thoſs . of error and rb 


Before 
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Before I poured the water into the jar I covered 
the ſurface of the ice to the height 0.956 of an 
inch with ice-cold water, and this I did when water 
at the temperature of 41 was uſed, as well as in 
thoſe Experiments in which boiling-hot water was 
employed. In the former Experiments I had covered 
the ſurface of the ice with ice-cold water only in 
thoſe Experiments i in which hot water was uſed, 
and even in thoſe I uſed only half as much ice- 
cold water as I now employed for that purpoſe. 

I alſo now poured the water into the jar in a 
ſmaller ſtream, employing no leſs than three mi- 
nutes in filling it up to the height of eight inches 
above the ſurface of the ice; and I endeavoured 
to aſcertain how far the reſults of the Experiments 
were influenced by the temperature of the air, and 
alſo by wrapping up the jar in warm covering. 

The ſame jar was uſed in all the Experiments, 
and it was always placed in the ſame earthen diſh, 
and ſurrounded, to the level of the top of the ice, 
with melting ſnow. This jar is very regular in its 
form, being very nearly a perfect cylinder, and is 
on that account peculiarly well calculated for the 
uſe for which I ſelected it. 

In each of the three firſt Experiments, which 
are entered in the following Table, the jar was well 
covered up with a very warm covering of cotton 
wool. This covering (which was above an inch 
thick) reached from the ſurface of the melting 
ſnow in which the jar ſtood, quite to the top of the 
jar. The mouth of the jar was firſt covered with 
a round wooden cover, (from the centre of which a 

TS- | thermo- 
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thermometer, the bulb. of which reached one inch 
below the ſurface of the water, was ſuſpended,) and 
on the top of this wooden cover there was put a 
thick covering of cotton. 

In all the Experiments in the following Table, 
except the three firſt, the jar was expoſed naked to 
the air, except the lower part of it, which, as I 
have already more than once obſerved, was always 
covered, as high as the ice in the jar reached, with 
melting ſnow, or with pounded ice and water, 

In the two Experiments No. 37 and No. 38, 
which are marked with aſteriſks, the ſurface of the 


ice was covered with ice-cold water to the depth 


of 0.478 of an inch only ;—in all the other Expe- 


riments it was covered to n of 0.956 of 
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| Minutes. Grains, 

No. 34 | 1880 179? 41* 30 634 
No. 35 | 189% 180%? | 41 30 747 
No. 36 | 190? 147” 41” I 3963 
No. 37 419 38 410 592 
No. 398 A 43® 61 30 676 * 
No. 39 | 186 157 61* 30 559 
No. 40 | 188? 156? 61® 30 575 
No. 41 | 190? 1565 61 542 
No. 42 | 41” 43 61? 30 573 

0. 43 | 42 ++ 612 30 575 


| 


The reſults of theſe Experiments afford matter for 
much curious ſpeculation, but I ſhall content myſelf 
for the preſent with making only two or three obſer- 
vations reſpecting them, And in the firſt-place, it 
is remarkable, that although in the Experiments 
No. 34 and No. 35, of 30 minutes each, conſider- 
ably leſs ice was melted than in that No. 26, which 
laſted the ſame time; yet, in that No. 36, of 180 
minutes, more was melted than in that No. '27, of 
the ſame duration. This difference in the two 


laſt- mentioned Experiments will be accounted for | 


hereafter, 

With regard to the difference in the reſults of 
the Experiments of 3o minutes, there is no doubt 
but that it aroſe from the precautions which had 

been 
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been taken in this laſt ſet of Experiments to pre- 
vent the effect of the violent motions into which 
the hot water was thrown in being poured into the 


jar, that leſs ice was melted in the Experiments 


No. 34 and No. 35, than in that No. 26. 
Secondly, It appears that more ice was melted in 
the ſame time, in the Experiments in which the jar 


was covered up with warm covering, than in thoſe 


in which it was left naked and expoſed to the air 
. of the room. 

The difference is even conſiderable. The quan- 
tity melted in 30 minutes when the jar was covered, 


at a mean of two Experiments, (No. 34 and 


No. 35,) was 690+ grains ;—but when the jar was 
naked, the quantity at a mean of three Experiments 
(No. 39, No. 40, and No. 41) was only 5584 
grains. 
Pypiraly, The quantity of ice melted under ſimilar 
circumſtances,—that is to ſay, when the jar was 
naked,—was ſenſibly greater when' the water was 
at the temperature of about 41*, than when it was 
nearly boiling hot. In the Experiment No. 41, 
when the water which was poured on the ice was at 
the temperature of 190 deg. 542 grains only of ice 
were melted in 30 minutes; whereas, in the next 
Experiment, (No. 42,) when the water was at 41*, 
or 149 degrees colder, 57 3 82 were melted in 
the ſame time. 
Finding that covering up the j jar with a thick and 
warm covering of cotton cauſed more ice to be 
melted by the hot water, I was curious to ſee what 
_ would be * by keepin g the. jar 
plunged 
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plunged quite up to its brim in a mixture of ſnow 
and water, inſtead of merely ſurrounding that part 
of it which was coonpled bythe Ge as: ice by this 
cold mixture. 

I was likewiſe deſirous of finding out,—and if 
poſſible at the ſame time,—whether water, at a 
temperature ſomething. above. that at which that 
Fluid ceaſes to be condenſed with cold, would not 
melt more ice in any given time than an equal 

quantity of that Fluid, either colder or much hotter. . 
The reſult of the 43d Experiment had ſhewn me, 
—what indeed a very ſimple computation would 
have pointed out, — namely, that when the tempe- 
rature of the water is but a few degrees above the 
point of freezing, if its quantity or depth is not 
very conſiderable, it will ſoon be ſo much cooled 
as very ſenſibly to retard the proceſs of melting the 
ice: and with reſpect to hot water, the increaſed 
quantity of ice which was melted by it when the 
jar was covered up with a warm covering, con- 
vinced me that the real cauſe which prevented the 
hot water from melting as much ice as the cold 
water in my Experiments, was the embarraſſments 
in the proceſs of melting- the ice, which were 
occaſioned by the deſcending currents formed in 
the hot water on its being cooled by the air at its 
ſurface, and by the ſides of the jar. | 

Theſe deſcending currents meeting in the re- 
gion of the conſtant temperature of 40* with thoſe 
cold currents which aſcended from the ſurface of 
the ice, it ſrems very probable that the aſcending 


currents, 


*. 
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currents, on the motion of which the melting of ice 
depends, were checked by this colliſion. 


By retarding the cooling of the hot water above, 


by wrapping up the jar in a warm covering, the 
velacity of the deſcending currents was of courſe 
diminiſhed 3; but when this was done, the reſults of 
the Expetiment ſhowed that the melting er melee 
was accelerated. 
When the ier being naked, the e ths 
hot water, and conſequently the motions of the 
deſcending currents, were rapid, no more than 
about 542 grains, or at moſt 575 grains, were 


melted in 30 minutes; but when the jar was 


covered with a warm' covering, 634. grains, and in 
one Experiment- (chat No. 35) 747 grains, were 
melted in the ſame time. 

As plunging the jar in a cold mixture of ſnow 
and water could not fail to e the cooling of 
the hot water in the jar, and conſequently to 
increaſe the rapidity of the deſcending currents in 
it, ought not this to embarraſs, in an extraordinary 
degree, the aſcending currents of ice-cold water 
from the ſurface of the ice, and to diminiſh the 
quantity of ice melted? This is what the follow. 
ing Experiments, compared with the reſults of 
thoſe No. 39, No. 40, and No, 41, will ſnow. 
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3 An de ne 
manner, and wich equal care, and differed only in 
reſpect to the manner in which the outſide of the 
jar, above the ſurface of the ice in it, was covered, 
their reſults ſhow the effects produced by thoſe 
6 I ſhould 
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I ſhould perhaps have ſuſpected that the greater | 


quantity of ice which was melted when the heat of 
the water in the jar was confined for the longeſt 
time had been occaſioned, at leaſt in part, by the 
Heat communicated downwards by the medium of 
the glaſs; but that this could not have been the 


caſe was evident, not only from the manner in 
which the ice was always found to have been 
melted, but alſo from the reſults of ee 


riments made with much colder water. 
Had it been melted by Heat communicated by 
the glaſs, it would undoubtedly have been moſt 
| melted in thoſe parts of its ſurface where it was in 


contact with the glaſs, but this I never once found 


to be the caſe. 


The reſults of the fallowing Experiments will | 


ſhow, what indeed might eaſily have been fore- 
| ſeen, that the temperature of the medium by 
which the upper part of the jar was ſurrounded 


does not always affect the reſult of the Experiment | 


in the ſame degree,——nor even always in the ſame 


| manner,—in' different Experiments in which the 
| temperyiure. of: Wanne 


different. - 

To facilitate the compariſon of theſe Experi- 
ments, and that of the - foregoing, which are 
ſimilar to them, I ſhall here place them together. 
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It is certainly very remarkable indeed that ſo 
much more ice ſhould be melted by water at the 
temperature of 417, when the jar which contained 
it was ſurrounded by a cold mixture of pounded ice 
and water, than by an equal quantity of boiling- 
hot water in the ſame circumſtances, In the Expe- 
riment No. 50, the quantity melted by the cold 
water was 542 grains, while that melted by the 
boiling-hot water, taking the mean of five Experi- 
ments, (thoſe No. 45, 46, 47, 48, and 49,) was 
no more than 399% grains. But the reſults af the 
four following Experiments are, if poſſible, ſtill 
more ſurpriſing. 

Theſe Experiments were made with water at the 
temyerdtire of 61*, the temperature of the air of 
the room being at the ſame time 61 in the two 
firſt of theſe Experiments the jar was kept plunged 
to its brim in a mixture of ſnow and water, —in 
the two laſt its lower part only, namely, as high 
as the level of the ſurface of the ice, was ſurrounded 


5 by 
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by this cold mixture, its upper part being naked, a 
and ſurrounded by the air of the room. 5 
In each of the Experiments, (as in thoſe which 
preceded them,) before the water was poured into 
the jar the ſurface of the ice was covered to the L 
height of 0.956 of an inch with ice-cold water, in e 
order more effectually to defend it againſt the ef- v 
fects of the. temporary motions into which the E 
water employed to melt the ice was una f 


thrown in the performance of this operation; and 0 
the ſame quantity of water was always uſed, name ſt 
ly, 73+ ounces Troy, or as much as was ſufficient to abs 
e EN NP ere ne 150 21 88 1 
1 * 7 — | Jo hi 
Here water in the jar ture of the | M W 
Number r inch n. its | medium Time the 12 th 

of the | furfkce, by which water re-. Our füt! 
Experi- — the ugper mained on. melted. m 
ment. In the be- At the parts the] the ice. | th 
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Theſe . TE x ba not aur on mi 
2 ſmall difference in the quan- the 
tities of ice melted which reſulted from the cooling me 
of the ſides of the jar, but alſo, and more eſpecially, Int 
as that difference was directly contrary to the ef- tio 
es produced by the ſame means in the Experi- bet 


Renn with hot water. More ice was melted when | 
the 
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the outſide of the jar was kept ice-cold than when 
e e a e e 
61®, 
All "theſe appearances might, 1 ink, be ac- 
counted for in a ſatisfactory manner on the prin- 
ciples we have aſſumed reſpecting the manner in 
which Heat is propagated in liquids; but without 
engaging ourſelves at preſent too far in theſe ab- 
ſtruſe ſpeculations, let us take a retroſpeQive view 
of all our Experiments, and ſee what general re- 
ſults may with certainty be drawn from them. 

One of the Experiments in which the greateſt 
quantity of ice was melted by hot water is that 
No. 36, in which 3963 grains were melted in three 
hours, or 180 minutes. If now from this quantity 
we deduct that which, according to the reſults of 
the two preceding Experiments, muſt have been 
melted in the firſt 30 minutes, namely, 690# grains, 
there will remain 32724 grains for the quantity 
melted in the laſt 1 50 minutes, which gives 654 
grains for the quantity melted in 30 minutes in 
the ordinary courſe of the Experiment. Fe 

This quantity, 654% grains, deducted from that 
which at a mean of two Experiments (thoſe No. 34 
and No. 35) was found to be actually melted in 30 
minutes, namely, 690 grains, leaves 36 grains for 
the quantity which in theſe two Experiments was 
melted in conſequence of the temporary motions 
into which the hot water was thrown: in the opera- 
tion of pouring it into the jar. The difference 
between theſe two quantities ( 36 grains) is very 
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inconſiderable, and ſhows that the means uſed for 


diminiſhing the effects produced by thoſe motions | 


had been very efficacious. 


As the reſults of the three Experiments No. 34, 


No. 35, and No. 36, were exceedingly regular 
and fatisfaftory,—as the Heat of the water appears 
to have been ſo completely confined by the warm 
covering which ſurrounded the jar, and as the 
proceſs - of melting the ice went on regularly or 


_ equally for ſo great a length of time (three hours) 


in the 36th Experiment, we may venture to con- 

clude that more ice could not poſſibly have been 
melted by boiling-hot water—/tanding on #—than 
was melted in theſe Experiments. | 

Tin eee wes ee ee 

6544 grains in 30 minutes. 


But as in theſe three Experiments PRA wad 
means were uſed, by which an uncommonly large 


quantity of ice was melted, they cannot be con- 


ſidered as ſimilar to thoſe which were made with 
cold water, and conſequently cannot with n 
be compared with them. 

When the Experiments were ſimilar, the mean 
reſults of thoſe which were made with water at 
different temperatures were as follows: 


In the Ex in 
which the part ro * 
which was occupied 
the water was expoled | 


the temperature of 63* 


| uncovered to the air at | i 


f With boiling-hot * 
(Experiments No. 5 
40, and 41) 

With water L the tem- 

ll 33 of 619 (Ex- 

No. 53 and 
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From the reſults of all theſe Experiments we 
may certainly venture to conclude that boiling-hot 
water is not capable of melting more ice when 
Aanding on its ſurface, than an equal quantity of 
water at the temperature of 41, or when it is only 
nine degrees above the temperature of freezing 

This fa& will, I flatter myſelf, be conſidered 
as affording the moſt unqueſtionable proof that 
that water is a perfect non- 


could well be i 


conductor of Heat, and that Heat is 


propagated in 


it only in conſequence of the motions which the 
Heat 
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Heat occaſions in the inſulated and ſolitary particles 
of that fluid“. | 
The diſcovery of this fa& opens to our view one 


of the moſt intereſting ſcenes in the economy of 


Nature :—but in order to prepare dur minds for 
the contemplation of it, it will be not amiſs to re- 


| freſh our memory by recapitulating what has al- 


ready been faid on the Propagation of Heat in 
Fluids, and particularly in water; and adding ſuch 
occaſional obſervations as my: tend to- elucidate 
that abſtruſe ſubject. 

Thoſe who enter into the ſpirit of theſe inveſti 
gations will not confider theſe repetitions and lluf- 


. trations as either OR or tireſome. 


The inſight which this diſcovery gives us in regard to the nature of the 
mechanical proceſs which takes place in chemical ſolutions is too evident to 
require illuſtration ;—and it appears to me that it will enable us to account 


in a ſatisſactory manner for all the various phenomena of chemical affinities 


and vegetation. Perhaps all the motions among inanimate - bodies on the 


ſurface of the globe may be traced to the ſame cauſe, —namely, to the non · 
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Recapitulation, and farther Inveſtigation. of the Sub- 
ect. — All Bodies are condenſed by Cold without 
Limitation, WATER ONLY EXCEPTED.— Won- 
 derful Effefts produced in the World in conſequence 
of the particular Law which obtains in the Con- 
denſation of Water. —This Exception to one of the 
mae general Laws of Nature, a ſeriking Proof of 
Contrivance in the Arrangement of the Univerſe jms. 

a Proof which comes home to the Feelings of every 
ingenuous and grateful Mind.—T his particular 
Law does not obtain in the Condenſation of SALT+ 
WaTER.—Final Cauſe of the Salineſs of the Sea 
— The Ocean probably deſigned by the Creator to 
ſerve as an Equalizer of Heat — Could not have 

. anſwered that Purpoſe had its Waters been freſh.— 
Final Cauſe of the Freſhneſs of Lakes and inland 
Seas in high Latitudes. mg of * Spe- 
culatiant. 


A the immediate cauſe of the motions in a liquid, 
which take place on its undergoing a change | 
of temperature, is evidently the change in the 
ſpecific gravity of thoſe particles of the liquid 
which become either hotter or colder than the reſt 
of the maſs; and as the ſpecific gravities of ſome 
liquids are much more changed by any given 


. of temperature than that of others, ougt 


v 3 not 
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not this circumſtance (independent of the more or 

leſs perfe& fluidity of the liquid) to make a ſenſible 

difference in the conducting power of liquids ? 
The more a liquid is expanded by any given 


change of temperature, the more rapid will be the 


aſcent of the particles which firſt receive the Heat ; 
and as theſe are immediately replaced by other 
colder particles, which, in their turns, come to 


he heated, this muſt of courſe produce- 2 rapid 5 


communication of Heat from the hot body of the 


liquid. 


| But when, on the other hand, the ſpecific gra- 


yity of a liquid is but little changed by any given 
change of temperature, the motions among the 
particles of the liquid occaſioned by this change 
muſt be very ſluggiſh, and the communication of 
yu of courſe very flow, 

Let us ſtop here for one moment juſt to aſk 


ourſelyes a very intereſting queſtion. Suppoſe that 


in the general arrangement of things it had been 


neceſſary to contrive matters ſo that water ſhould 


not freeze in winter,. or that it ſhould not freeze 
but with the greateſt difficulty ;=very ſlowly ;—and 
in the ſmalle/t quantity pqſible;— How could this 
have been moſt readily effefted ?— 

Thoſe who are acquainted with the law of the 
condenſation of Water on parting with its Heat 
have already anticipated me in theſe ſpeculations ; 
and it does not appear to me that there is any 
thing which human fagacity can fathom, within 
the wide-extended bounds of the viſible creation, 

which affords a more ſtriking or more palpable 
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proof of the wiſdom of the Creator, and of the 
ſpecial care he has taken in the general arrange- 
ment of the univerſe to preſerve animal life, than 
this wonderful contrivance :—for though the 
extenſiveneſs and immutability of the general 
laws of Nature impreſs our minds with awe and 
reverence for the Creator of the univerſe, yet 
exceptions to thoſe laws, or particular modifications 
of them, from which we are able to trace effects 
evidently /alutary or advantageous to ourſelves 
and our fellow-creatures, afford ſtill more ſtriking. 
proofs of contrivance, - and ought certainly to 
awaken in us the moſt lively ſentiments of admira- 
- tion, love, and gratitude. | 
Though in temperatures above blood-heat the 

expanſion of water with Heat is very conſiderable, 
yet in the neighbourhood of the freezing point it is 
| almoſt nothing. And what is ſtill more remarkable, 
as it is an exception to one of the moſt general 
laws of Nature with which we are acquainted, 
when in cooling it comes within eight or nine de- 
grees of Fahrenheit's ſcale of the freezing point, 
inſtead of going on to be 'farther condenſed as it 
loſes more of its Heat, it actually expands as it 
grows colder, and continues to expand more and 
more as it is more cooled. 
If the whole amount of the condenſation. of | 
any given quantity of boiling-hot water, on being 
cooled to the point of freezing, be divided into any 
given number of equal parts, the condenſations 
correſponding to equal changes of temperature will 
be * unequal in different temperatures. 
U4 : In 
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In cooling 224. degrees of Fahrenheit's ſcale, 
(or one-eighth part of the interval between the 
boiling and the freezing points,) the condenſation 
vill be, 


I cooling 223 vin FED to 1891 - 18 parts. | 


18943? — 1679? 16.2 


167% — 1447? 13.8 

1447” — 122% 11.5 

122 — 994 — 9.3 

| 992 — . 
5 Tm. 54 - 39" 
„ % 00s 


Hence it appears that the condenſation of water, 
or increaſe of its ſpecific gravity in being cooled 
22x degrees of Fahrenheit's ſcale, is at leaſt ninety 
times greater when the water is boiling-hot, than 
when it is at the mean temperature of the at- 
moſphere in England (54*), or within 22+ degrees 


of freezing (for 18 is to 0.2 as 90 to 1). 


All liquids, it is true, in cooling, are more con- \ 
denſed by any given change of temperature when 
they are very hot, than when they are colder ; but 


theſe differences are nothing compared to thoſe we 
obſerve in water. 


The ratio of the condenſation in coolin 8 from 


2125 to 189,” to that in cooling from 54 to 320 
in each of the under - mentioned fluids, has been 
ſhown, by the Experiments of M. pz Luc, to be 
as follows: 


Olive oil ay: 72 2 1 17'S. to 1 
Strong ſpirits of wine | as 15 to 1 
A . 8 of Gs as 1 gt to1 
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The difference between the laws of the con- 


denſation of pure water, and of the ſame fluid when 
it holds in ſolution a portion of ſalt, is ſtriking; 
but when we trace the effects which are produced 
in the world by that arrangement, we ſhall be loſt 
in wonder and admiration, 

Let me beg the attention of my reader while I 
endeavour to inveſtigate this moſt intereſting ſub- 


jet, and let me at the ſame time beſpeak his 


candour and indulgence. I feel the danger to 
which a mortal expoſes himſelf who has the 
temerity to undertake to explain the deſigns of 
Infinite Wiſdom. —The enterpriſe is adventuroys, 
but it cannot ſurely be improper, 


The wonderful ſimplicity of the means employed 
by the Creator of the world to produce the changes 


of the ſeaſons, with all the innumerable advantages 
to the inhabitants of the earth which flow from 
them, cannot fail to make a very deep and a 
laſting impreſſion on every human being whoſe 
| mind. is not degraded and quite callous to every 
| jngenuous and noble ſentiment : but the farther 
we purſue our inquiries reſpecting the conſtitution 
of the univerſe, and the more attentively we Cxa- 
mine the effects produced by the various modifi- 
eations of the ative powers which we perceive, 
the more we ſhall be diſpoſed to admire, adore, 
and love that great Firſt Cauſe which brought all 
things i into exiſtence. 

Though winter and ſummer, ſpring and au- 
tumn, and all the variety oſ the ſeaſons, are pro- 
duced. in a manner at the ſame time the moſt 
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ſimple and the moſt ſtupendous (by the inclina- 


tion of the axis of the earth to the plane of the 
ecliptic); yet this mechanical contrivance alone 


 _ would not have been ſufficient (as I ſhall endea- 


your to ſhow) to produce that gradual change 
of temperature in the various climates which we 
find to exiſt, and which doubtleſs is indiſpenſably 
neceſſary to the 8 of animal and vege- 
table life. 

Though change of temperature ſeems neceſſary 
to the growth and perfection of moſt vegetables, 
yet theſe changes muſt be within certain limits. 
Some plants can ſupport greater changes of tem- 
perature than others, but the extremes of Heat 
and of Cold are alike fatal to all. 

As the rays of the ſun are the immediate cauſe 
of the Heat on the ſurface of the globe, and as 
the length of the days in high latitudes is ſo very 
different in ſummer and in winter, it is evident 
that, in order to render thoſe regions habitable, 
ſome contrivance was neceſſary to prevent the 
conſequences which this great inequality of the 
Heat generated by the ſun in ſummer and in winter 


would naturallly tend to produce; or, in other 


words, to equalize the Heat, and moderate its 
extremes in theſe two ſeaſons. 

Let us ſee how far Water is concerned in this 
operation, and then let us examine how far 
the remarkable law which. has been found to ob- 
tain in its condenſation with cold tends to ren- 
der it well Py to anſwer that moſt important 
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The vaſt extent of the ocean, and its great 
depth, but ſtill more its numerous currents, and 
the power of water to abſorb a vaſt quantity of 
Heat, render it peculiarly well adapted to ſerve as 

an equalizer of Heat. 

On the retreat of the ſun after the ſolſtice, iti is 
cloſely followed by the cold winds from the regions 
of eternal froſt, which are continually endeavour- 
ing to preſs in towards the equator. As the 
power of the ſun to-warm the ſurface of the earth 
and the air diminiſhes very faſt in high lati- 
tudes on the days growing ſhorter, it ſoon be- 
comes too weak to keep back the denſe atmoſphere 
which preſſes on from the polar regions, and the 
cold increaſes very faſt. | 

There is, however, a circumſtance by which theſe 
rapid advances of winter are in ſome meaſure mo- 
derated. The earth, but more eſpecially the water, 
having imbibed a vaſt quantity of Heat during the 
long ſummer days, while they received the influ- 
ence of the ſun's vivifying beams; this Heat, being 
given off to the cold air which ruſhes in from the 
polar region, ſerves to warm it and ſoften it, and 
conſequently to diminiſh the impetuoſity of its 
motion, and take off the keenneſs of its blaſt. 
But as the cold air ſtill continues to flow in as the 

fun retires, the accumulated Heat of ſummer is ſoon 
exhauſted; and all folid and fluid bodies are re- 
duced to the temperature of freezing water. 'In 
this ſtage the cold jn the atmoſphere increaſes very 
faſt, and would probably increaſe {till faſter, were 
* Go v0-uaniNy of bt Wen is com · 
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crunkated to the air by the watery vapours' which 


are firſt condenſed, and then congealed, in the 
atmoſphere, and which afterwards fall upon the' 


earth in the form of ſnow ; and by that ſtill larger 


quantity which is given off by the water in the rivers 


and lakes, and in the ground upon its being frozen. 
But in very cold countries, the ground is frozen 
and covered with ſnow, and all the lakes and rivers 


are frozen over in the very beginning of winter. 
The cold then firſt begins to be extreme, and there 
appears to be no ſource of Heat left, which is ſuf. 
ficient to moderate it in any ſenſible degree. 


Let us ſee what muſt have happened if things 


had been left to what might be called their natural 


courſe ;—if the condenſation of water on being 
deprived of its Heat had followed the law which 
we find obtains in other fluids, and even in water 


itlelf in ſome caſes, namely, when it is mixed 


with certain bodies. 


Had not Providence interfered on this occaſion | 
in a manner which may well be conſidered as mi- 


raculous,—all the freſh water within the polar 


circle muſt inevitably have been frozen to a very 


great depth in one winter, and every plant and 
tree deſtroyed; and it is more than probable that 


the regions of eternal froſt would have ſpread on 
every ſide from the poles, and, advancing towards 
the equator, would have extended its dreary and ſoli- 


tary reign over a great part of what are now the moſt 


fertile and moſt inhabited climates of the worldd 
In latitudes where now the return of ſpring is 


hailed 10 the voice of gladneſs, - where the earth 
| decks 
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* herſelf in 1 gayeſt attire; and millions of 
living beings pour forth their ſongs of joy and 
gladneſs, nothing would have been heard but the 
whiſtling of the rude winds, — and nothing ſeen 
but ice and ſnow, and lying clouds charged with 
wintry tempeſts. 

Let us, with becoming difidence and awe, en- 
deavour to ſee what the means are which have 
been employed by an almighty and benevolent 
God to protect his fair creation. 

As nouriſhment and life are conveyed to all 
living creatures through the medium of water; 
quid, living water; — to preſerve life, it was 
abſolutely neceſſary to preſerve a great quantity of 
water in à fluid ſtate, in winter as well as in 


ſummer. : 


But in cold climates the temperature of alle 
atmoſphere, during many months in the year, is ſo 
much below the freezing point, that, had not mea- 
ſures been taken to prevent ſo fatal an accident, all 
the water muſt inevitably have been changed to ice, 
which would infallibly have cauſed the deſtruction \ 
of every living thing. ext] 
| Extraordinary meaſures were 3 neceſſary 
for preſerving in a liquid ſtate as much of the water 
exiſting in thoſe climates as is indiſpenſably neceſſary 
for the preſervation of vegetable and animal life; and 
this could only be done by contriving matters 1 as 
to prevent this water from n Heat to 
the cold atmoſphere. | 

It has been ſhown, —T believe Lmay, ventuna to 
ſay proved, —in the moſt ſatisfactory manner, 
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that liquids part with their Heat onLY in con- 
ſequence of their internal motions ;—and that 
the more rapid theſe motions are, the more rapid 
is the communication of the Heat ;—that theſe 
motions are produced by the change in the 
ſpecific gravity of the liquid, occaſioned. by the 
change of temperature,—and of courſe -that they 
are more rapid, as the ſpecific gravity of the 


liquid is the more ane by any you __ 
of temperature. 


But it has been ſhown that the change in che 


ſpecific gravity of water is extremely ſmall, which 


takes place in any given change of temperature, 
below the mean temperature of the atmoſphere ; and 
particularly when the temperature of the water is 
very near the freezing point ; and hence it follows, 
that water muſt give off its Heat wy "_ erg 
it is near freezing. 

But this is not all. There is a ſtil more extra- 
ordinary, and in its conſequences more wonderful, 

circumſtance which remains to be noticed. When 
water is cooled to within eight or nine degrees of 
the freezing point, it not only ceaſes to be farther 
condenſed, but is actually expanded by farther 


diminutions of its Heat; and this expanſion goes 


on as the Heat is diminiſhed, as long as the water 
can be kept fluid; and when it is changed to ice, 
it expands even ſtill more, and the ice floats on the 
ſurface of the uncongealed part of the Fluid. 
Let us fee how very powerfully this wonderful 
contrivance tends: to retard the cooling of water 
when. it is expoſed in a cold atmoſphere. 
2 1 
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It is well known that there is no communication 
of Heat between two bodies as long as they are 
both at the ſame temperature; and it is likewife 
known that the tendency of Heat to paſs from à 
hot body into one which is colder, with which it is 
in contact, is greater, as the difference is greater in 
the temperatures of the two bodies. | 
| Suppoſe now that a maſs of very cold air u 
on the quiet ſurface of a large lake of freſh water, 
at the temperature of 55% of Fahrenheit's ther- 
mometer. The particles of water at the ſurface 
on giving off a part of their Heat to the cold air 
with which they are in contact, and in conſequence 
of this loſs of Heat becoming ſpecifically heavier 
than thoſe hotter particles on which they repoſe, 
muſt of courſe deſcend. This deſcent of the parti- 
cles which have been cooled neceſſarily forces other 
hotter particles to the ſurface, and theſe- being 
cooled in their turns bend their courſe downwards 
and the whole maſs of water is put into motion, 
and continues in motion as long as the oy - 
coolmng' goes on. | 
Before I proceed to trace this opaiaricn/havigh 
all its various ſtages, I muſt endeavour to remove 
an objection which may perhaps be made to my 
explanation of this phænomenon. As I have ſup- 
poſed the maſs of air which reſts on the ſurface of 
the water to be very cold, and as I have taken it 
for granted that there is no communication what- 
ever of Heat between the particles of water in 
contact with this very cold air, and the neighbour- 
ing warmer particles of water, it —_— 


— 
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how it happens that theſe particles at the ſurface are 
not ſo much cooled as to be immediately changed 
to ice? To this I anſwer, that there are two cauſes 
which conſpire to prevent the immediate formation 
of ice at the ſurface of the water: Fit, the ſpe- 
cific gravity of the particle of water at the ſurface 


being increaſed at the ſame moment when it parts 


with Heat, it begins to deſcend as ſoon as it begins 
to be cooled; and before the air has had time to 
rob it of all its Heat, it eſcapes and gets out of its 
reach: And ſecondly, air being a bad conductor of 
Heat, it cannot receive and tranſmit or tranſport it 
with ſufficient celerity to cool the ſurface of water 
ſo ſuddenly as to embarraſs the motions of the 
5 particles of that 15 10 in * ee * giving 
it off, 
But to, return to our lake: As 1 
in cooling has arrived at the temperature of about 
40˙ as at that temperature it ceaſes to be farther 
condenſed, its internal motion ceaſes, and thoſe of 
its particles which happen to be at its ſurface remain 
there; and after being cooled down to the freezing 
point, they give off their latent —_— and ice 
begins to be forme. 
| Ao toon ec ths ene the waters dbl with 
ice, the communication of Heat from the water 
to the atmoſphere i is rendered extremely ſlow. and 
difficult; for ice being a bad conductor of Heat forms 
A very warm covering to the water, - and more- 
over ĩt prevents the water from being agitated by the 


wind. Farther, as the temperature of the ice at 


its * ſurface is always very nearly the ſame as 
that 
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that of the particles of liquid water with which it is 
in contact, (the warmer particles of this Fluid, in 
conſequence of their greater ſpecific gravity, taking 
their places below,) the communication of Heat 
between the water and the ice is neceſſarily very 
flow on that account. 

As ſoon as the upper ſurface of the ice is covered 
with ſnow, (which commonly happens ſoon after 
the ice is formed,) this is an additional and very 
powerful obſtacle to prevent the eſcape of the 
Heat out of the water; and though the moſt 
intenſe cold may reign in the atmoſphere, the 
increaſe of the thickneſs of the ice will be very flow. 

During this time, the maſs of water which 
remains unfrozen will loſe no part of its Heat; on 
the contrary, it will continually be receiving Heat 
from the ground. This Heat, which is accumu- 
lated in oy earth during the ſummer, will not only 
| ſerve, in ſome meaſure, to replace that which- is 
communicated to the atmoſphere through the ice, 
and prevent its being furniſhed at the expence of 
the latent Heat of the water in contact with its 
ſurface, but when the temperature of the air is not 
much below that of freezing, this ſupply of Heat 
from below will be quite ſufficient to replace that 
which the air carries off; and the thickneſs of the 
ice will not increaſe. 

Whenever the temperature of the air is not 
actually colder than freezing water, the Heat which 
riſes from the bottom of the lake- will be all em- 
ployed in melting the ice at its under ſurface, and 
diminiſhing its thickneſs. e 
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It will indeed frequently happen, when the ice 18 
very thick, and eſpecially when its upper ſurface is - 


covered. with deep ſnow, that the melting of the 
ice at its. under furface will be going on, when the 
temperature of the atmoſphere is _confiderably 
below the freezing. point, 


As the particles of water which, teceiviig Heat 


from the ground at the bottom of the lake, acquire 


a higher temperature than that of 4o*, and being 


expended, and becoming ſpecifically lighter by this 
additional Heat, riſe up to the upper ſurface of the 
fluid water, and give off their ſenſible Heat to the 


under ſurface of the ice, never return to the 


bottom, this communication of the Heat which 
exhales from the earth produces very little motion 
in the maſs of the water; and this circumſtance is, 


no doubt, very favourable to the preſervation of the 


Heat of the water. 


When a ſtrong wind prevails, and the ſurface of 


the water is much agitated, ice is not formed, 


even though the whole maſs of water ſhould, by a 


long continuance of cold weather, have been he 


viouſly cooled down to that point to which it is 


neceſſary that it ſhould be brought, in order that 
its internal motions may ceaſe, and it may be diſ- 
poſed to congeal; for though the particles at and 
near the ſurface may no longer have any tendency 
to deſcend, on being farther cooled, yet, as they 
have ſo conſiderable à quantity of ſenſible Heat 
(eight or ten degrees) to diſpoſe of, after their 
condenſation with cold ceaſes, and as the agitation 
into which the water is thrown by the wind does 

> : not 
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not permit any particle to remain long enough in 
contact with the cold air to give off all its Heat at 
once, there is a continual ſucceſſion of freſh parti. 
cles at the ſurface, all of which give. of Heat 
to the air; but none of them have time to be 
cooled ſufficiently to be diſpoſed to form ice. The 
water will loſe a vaſt quantity of Heat, and as ſoon 
as the wind ceaſes, if the cold ſhould continue, ice 
will be formed very rapidly. | 

But it is not merely the agitation of the water 
which renders the communication of the Heat very 
rapid, the agitation of the wind alſo tends to pro« 
duce the fame effect. | 

On the return of ſpring, the ſnow melting 
before the ſun as he advances and his rays become 
more powerful, all the Heat which the- earth 
exhales is employed in diſſolving the ice at its 
under ſurface, while the ſun. on the other fide 
acts ſtill more powerfully to produce the ſame 
Though ice is tranſparent, yet it is not perfectly 
ſo, and as the light which is ſtopped in its paſſage 
through it cannot fail to generate Heat when and 
where it is ſtopped, or abſorbed, it is by no means 
ſurpriſing that ſnow ſhould be found to melt when 
expoſed in the ſun's rays, even when the tempera» 


ture of the air in the ſhade is conſiderably below 


the point of freezing. Snow expoſed to the ſun 
melts long before the even ſurface of ice begins to 
be ſenſibly ſoftened by its beams, and it is not till 
ſome time after all the hills are bare that the ice 
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The rays which penetrate a bank of ſnow being 
often reflected and tefracted, deſcend deep into it, 
and the Heat is depoſited in a place where it is not 
.expoſed to be carried off by the cold air of the at- 
moſphere; but the rays which fall upon the hori- 
zontal and ſmooth ſurface of ice, are moſtly re- 
. fleted upwards into the atmoſphere ; and if any 
patt of them are ſtopped at the ſurface of the ice, 
the Heat generated by them there is inſtantane- 
ouſly carried off by the cold air, and a particle of 
water is no ſooner made fluid than it is again 
frozen. 
Hence we ſee that the ſnow which in cold 
countries covers the ice that is formed on the ſur- 
face of freſh water, not only prevents the Heat of 
the water from being carried off by the air, during 
the winter, but alſo fiſts very powerfully in thaw- 
ing the ice early in the ſpring. 

Let us now ſee what the conſequences would 
have been had the condenſation of water with cold 
followed the law which obtains in ene to all 
other Fluids. 


As the internal an of the water could not 


have failed to continue as long as its ſpecific gravity 
continued to be increaſed by parting with Heat, 
ice would not have begun to be formed till the 
whole maſs of water had arrived at the tempera- 
ture of 320 of Fahrenheit's thermometer. © 
| To ſee what an enormous quantity of Heat would 
be loſt when the water is deep .in conſequence of 
its whole maſs being cooled in this manner, we 


have only to compute how much ice this Heat 


5 . would 
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would melt, or how much water it would heat 
from the point of freezing to that of boiling. | 

It has been ſhown by experiment, that any given 

quantity of ice requires as much Heat 'to- melt it 
as an equal quantity of fluid water loſes in cool- 
ing 140 degrees, conſequently the quantity of ice 
which might be melted by the Heat given off by 
any given quantity of water in cooling any given 
number of degrees, is to the given quantity of 
water, as the number of degrees which it is cooled, 
to 140 degrees. | 

Hence it follows that when the temperature of 
the water is 8 degrees above the freezing point, it 
gives off in. cooling down to that temperature as 
much Heat as would melt e or x of its weight 
of ice; the water, therefore, which is cooled from 
the temperature of 40 to that of za', if it be 
35 feet deep, will give off as much Heat in being 
ſo cooled as would mek a covering: of ice 2 
feet thick. 

But this mated for as the af 
water on being cooled at the ſurface would in con- 
ſequence of the increaſe of their ſpecific gravity, 
on parting with a portion of their Heat, immedi- 
ately deſcend to the bottom, the greateſt part of 
the Heat accumulated during the ſummer in the 
earth on which the water repoſes would be carried 
off and loſt, before the water began to freeze; and 

when ice was once formed, its thickneſs would 
increaſe with great -rapidity, and would continue 
increaſing during the whole winter ; and it ſeems 
very probable that in climates' which are now tem- 
| X 3 perate, 
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perate, the water in the large lakes would be frozen 

to ſuch a depth in the courſe of a ſevere winter 
the Heat of the enſuing ſummer would not be 
at to thaw them; and ſhould this once hap. 


pen, the following winter could hardly fail to 
change the whole maſs of its waters to one ſolid 
body of ice, 3 


which never more could recover its 
liquid form, but amen e 11] the 
end of time. 

In the month of Pebuiey, aber a froſt which 
had laſted a month, the temperature of the air being 
38% M. Dr SaussuxE found the temperature of 


the water of the Lake of Geneva, at the furfaee, at 


4% and at the depth of 1000 feet, at 400. 
Had the froſt continued but a little longer, ice 
would have been formed; but had the conſtitu- 


tion of water been ſuch that the whole maſs of 
that Fluid in the Lake muſt have been cooled down 


to the temperature of 3a“ before ice could have 
been formed, this event could not have. happened 


till the water had given off as much Heat as would 
2 e Es eee eee 1 
| thick |— 


This 5 of Heat would be ſufficient to heat, 
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We cannot ſufficienthy admire the ſimplicity of 
the contrivance by which all this Heat is ſaved. It 


well deſerves to be compared with that by which 
the ſeaſons are produced; and I muſt think that 
every candid inquirer, who will begin by diveſting 


himſelf of all unreaſonable prejudices, will 3 
h with 
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with me in men them doth TO THE SAME 
AUTHOR, 
When we trace till farther the aſtoniſhing effe&ts 
which are produced in the world by the operations 
of that ſimple law which has been found to obtain 
in the condenſation of water on its being deprived 
of Heat, we ſhall find more and more reaſon: to 
admire the wiſdom of the contrivance. . 
That high latitudes might be habitable, it was 
neceſſary that vegetables ſhould be protected from 
the eſſects of the chilling froſts of a long and 
ſevere winter: Hut if it be true that watery liquids 
do not part with their Heat but in conſequence of 
their internal motions; and if theſe motions are 
occaſioned merely by the change produced in the 
ſpecific gravity of thoſe particles of the liquid which 
receive Heat, or which part with it, who does not 
ſee how very powerfully the ſudden diminution 
and final ceſſation of the condenſation of water in 
cooling, as ſoon as its temperature approaches to 
the freezing point, operates to prevent. the ſap in 
7 vegetables from being frozen? | 
But if, for the purpoſes of life and vegetation, 
it be neceſſary that the ground, the rivers, the 
lakes, and the trees be defended from the cold 
winds. from the poles, it may be aſked. how this 
innundation of cold air is to be warmed -I an- 
ſwer by the waters of the ocean, which there is 
the greateſt reaſon to think were not only deſigned 
33 for that uſe, but particularly prepared 
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Sea water contains a large proportion of fat 


in ſolution, and we have ſeen that the condenfa- 


tion of a faline ſolution, on its being cooled, fol- 
lows a law which is extremely different from that 
obſerved in regard to pure water; and which (as 


may eaſily be ſhown) renders it peculiarly well 


adapted for communicating Heat to the cold winds 

which blow over its ſurface. ; 
As fea water continues to be cotidetifet as it 

goes on to cool, even after it has paſſed the point 


at which freſh water freezes, the particles at the 


ſurface, inſtead of remaining there, ' after the maſs 


of the water had been cooled to about 40?, and pre- 


venting the other warmer particles below from com- 
ing in their turns and giving off their Heat to the cold 


air, (as we have ſeen always happens when freſh 


or pure water is ſo cooled, ) theſe cooled particles 
of ſalt water deſcend as ſoon as they have parted 


with their Heat, and in moving downward force 
other warmer particles to move upwards ; and 
in conſequence of this continual ſueceſſion of 


warm particles which come to the ſurface of the 
ſea, a vaſt deal of Heat is communicated to the 
air; —incomparably more than could poſſibly be 


. communicated to it by an equal quantity of freſh | 
water at the fame temperature, as will N. e by 
the following computation. 


Without taking into the account that very great 
advantage which ſea water poſſeſſes over freſh 
water, conſidered as an equalizer of the tempera- 
ture of the atmoſphere, which ariſes from the com- 
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poſing 
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poſing even ſea water to freeze at as high a tem- 
perature as freſh water, namely, at 327; and ſup- 
poſing (what is ſtrictly true) that as ſoon as either 
ſea water or freſh water is frozen at its ſurface, 
and this ice covered with ſnow, that the commu- 
nication of Heat from the water to the atmoſphere 
ceaſes almoſt entirely; we will endeavour to deter- 
mine how much more Heat would, even on this 
ſuppoſition, be communicated to the air by ſalt 
water than by freſh water, after both have arrived 
at the temperature of 400%. 

When freſh water, in cooling, "Ih e at this 
temperature, it ceaſes to be farther condenſed with 
cold, and its internal motions (which, as we have 
already more than once obſerved, are cauſed /olely by 
thechanges producedin the ſpecific gravity of its par- 
ticles) ceaſe of courſe, and ice immediately begins 
to be formed on its ſurface; but as the condenſation 
of ſalt water goes on as its Heat goes on to be di- 
miniſhed, its internal motions will continue ; and 
it is evidently impoſhble for ice to be formed at 
its ſurface till the whole maſs of the water has be- 
come ice-cold, or till its temperature is brought 
down to 32". It would therefore give off a quan- 
tity of Heat equal to 8 degrees, at leaſt, of Fahren- 
heit's thermometer, more than the freſh water would 
part with before ice could be formed on its ſur- 
face. 

To be able to form an idea of this enormous | 
quantity of Heat, we have only to recolle& what 
has already been ſaid, and we ſhall find reaſon to 
conclude that it would be fullczent to melt a cover- 
ing of ice equal in thickneſs to r of the depth of 

the 
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the ſea. It would therefore be ſufficient in that 
part of the North Sea (lat. 670 Where Lord Mul- 
grave ſounded at the depth of 4680 foot; ta: mba 
n 265 feet thick! | , 
But the Heat evolved in the W i ach 
ſuperficial foot of ice would be ſufficient to raiſe the 
temperature of a ſtratum of incumbent” air 2220 
times as thick as the ice, (conſequently in the:caſe 
in queſtion 265 2220 feet, or 869 miles thick,) 
28 degrees, or from the temperature of freezing 
water, to that of 50 of Fahrenheit's thermometer, 
or to the mean annual temperature of the northern 
parts of Germany! 
The Heat given off to'the air by each ſoperbcl 
foot of water in cooling one degree is ſufficient to 
heat an incumbent ſtratum. of air 44 times as thick 
as the depth of the water, 10 degrees. Hence we 
ſee how very powerfully the water of the: ocean, 
which is never frozen over, except in very High 
latitudes, muſt contribute to warm the cold air 
which flows in from the polar regions. > 
But the ocean is not more uſeful in moderating 
the extreme cold of the polar regions, than it is in 
tempering the exceſſive heats of the torrid zone; 
and what is very remarkable, the fitneſs of the ſea 
Water to ſerve this laſt important purpoſe i is owing 
to the very ſame cauſe which renders it ſo pecu- 
 Larly well adapted for communicating Heat to the 
cold atmoſphere in high latitudes, namely, to he 
ſalt which it holds in ſolution. 
As the condenſation of ſalt water with cold con- 
 tinues to go on even long after it has been cooled to 
the 8 Ba at which freſh water freezes, thoſe 
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particles at the ſurface which are cooled by an 
immediate contact with the cold winds muſt de- 
ſcend, and take their places at the bottom of the 
ſea, where they muſt remain, till, by acquiring an 
additional quantity of Heat, their ſpecific gravity 
Is again diminiſhed, But this Heat they neuer can 
regain in the polar regions, for innumerable expe- 
riments have proved beyond all poſſibility of doubt, 
that there is no principle of Heat in the interior parts 
of the globe, which, by exhaling through the bottom 
of the-ocean, could communicate n oy water 
which reſts upon it. s 

It has been found that the temperature of the 
earth at greatſ depth under the ſurface is different 
in different latitudes, and there is no doubt but 
this is alſo the caſe with reſpect to the temperature 
at the bottom of the ſea, in as far as it is not influ- 
enced; by the currents which flow over it; and this 
proves to a demonſtration that the Heat which we 


find to exiſt, without any ſenſible change during 


ſummer and winter, at great depths, is owing to the 
action of the ſun, and not to central fires as ſome 
have too- haſtily concluded. | 

But if che water of the ocean, which, on bikite 


deprived of a great part of its Heat by cold winds, 


deſcends to the bottom of the ſea, cannot be 
warmed where it deſcends, as its ſpecific gravity is 


greater than that of water at the ſame depth in 


warmer latitudes, it will immediately begin to 
ſpread on the bottom of the ſea, and to flow to- 


wards the equator, and this muſt neceſſarily pro- 


Gee Current ut the fe in an oppoſite direc. 
; tion; 
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tion; and there are the moſt indubitable proofs 


of the exiſtence of both theſe currents. 
The proof of the exiſtence of one of them 
would indeed have been quite ſufficient to have 


proved the exiſtence of both, for one of them 
could not poſſibly exiſt without the other; but 
there are e direct proofs of the exiſtence of 
each of them. 


What has boi called the gulph ftream, in the 


Atlantic Ocean, is no other than one of theſe cur- 


rents that at the ſurface which moves from the 
equator towards the north pole, modified by the 


trade winds, and by the form of the continent of 


North America; and the progreſs of the lower 


current may be conſidered as proved directly by 
the cold which has been found to exiſt in the ſea 
at great depths in warm latitudes; —a degree of 
temperature much below the mean annual tempe- 
rature of the earth in the latitudes where it has 


been found, and which of courſe muſt have been 


brought from colder latitudes. 


The mean-annual temperature in the latitude of 


67 has been determined by Mr. Kirwan, in his 
excellent treatiſe on the temperature of different 


latitudes, to be 39; but Lord Mulgrave found on 
the aoth of June, when the temperature of the 


air was 48, that the temperature of the ſea at the 
depth of 4680 feet was 6 degrees below freezing, 


or 26* of Fahrenheit's thermometer. 
On the 31ſt of Auguſt, in the latitude of 69, 
where the annual temperature is about 389, the 


temperature of. the ſea at the depth of 4038 feet 


was 32 the temperature of the atmoſphere (and 
probably that of the water at the ſurface of the ſea) 
being at the ſame time at 597", 


But a ſtill more ſtriking, and I nicht, L bene 
fay an incontrovertible proof of the exiſtence of 
currents of cold water at the bottom of the ſea, 
ſetting from the poles towards the equator, is the 
very remarkable difference that has been found 
to ſubſiſt between the temperature of the ſea at 
the ſurface and at great depth, at the tropic. 
though the temperature of the atmoſphere there is 
ſo conſtant that the greateſt changes produced in 
it by the ſeaſons ſeldom amounts to more than five 
or ſix degrees; yet the difference between the Heat 
of the water at the ſurface of the ſea, and that at 
the depth of 3600 feet, has been found to amount 
to no leſs than 31 degrees; the temperature above 
or at the ſurface being 84, and at the given depth 
below no more than 53“. 

It appears to me to be extremely difficult, if 
not quite impoſſible, to account for this degree of 
cold at the bottom of the ſea in the torrid zone, 
on any other ſuppoſition than that of cold currents 
from the poles; and the utility of theſe currents 
in tempering the exceſſive heats of thoſe climates 
is too evident to require any illuſtration. 

Theſe currents are produced, as we have already 
ſeen, in conſequence of the difference in the ſpeci- 
fic gravity. of the ſea water at different tempera- 
n, * velocities. . therefore be in pro · 


* Phil. Trantajons, 17 52+ ; 
| portion 
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portion to che change produced in the ſpecific gras 


vity of water, by any given change of temperature; 
and hence we ſee how much greater they muſt be 
in ſalt water than they could poſſibly have been 
had the ocean been compoſed of freſh water. 

It is not a little remarkable that the water of 
all great lakes is freſh, and nearly ſo in all inland 
ſeas (like the Baltic) in cold climates, and which 
communicate with the ocean by narrow channels. 
We ſhall find reaſon to conclude that this did not 
happen without deſign, when we conſider what 
conſequences would probably enſue ſhould the 
waters of a large lake in an inland ſituation, in a 
cold country, (ſuch as the lake Superior, for in- 
ſtance, in North America,) become as falt as the 
e 1 wy pal ary 
Though the cold winds which blow over the lake 
in the beginning of winter would be more warmed, 
and the temperature of the air on the ſide of the lake 
oppoſite: to the quarter from whence theſe winds 
arrive, would be rendered ſomewhat milder than 
it now is; yet, as the water of the lake would give 


off an immenſe quantity of Heat before a covering 


of-ice could be formed on its ſurface for its 'pro- 
tection, it would, on the return of ſpring, be found 
to be extremely cold; and as it would require a long 
time to regain from: the influence of the returning 
fun the enormous quantity of Heat loſt during the 
winter, it would remaif” very cold during the 
ſpring, and probably during the greateſt part of 
the ſummer; and this could not fail to chill the 
atmoſphere, 1 check vegetation in the ſurround- 
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ing eountry to a very confiderable diſtance. And 
though à large lake of ſalt water in a cold country 
would tend to render the winter ſomewhat milder 
on one ſide of it, namely, on the ſide oppoſite to 
the quarter from whence the cold winds came; 
yet this advantage would not only be confined to a 
ſmall tract of country, but would not any where be 
very important, and would by no means counter- 
balance the extenſive and fatal conſequences which 
would be produced in ſummer by ſo large a col- 
lection of very cold water. 


When the winter is once fairly ſet in, when the 


earth is well covered with ſnow, and the rivers and 


lakes with ice, and more "eſpecially when the ice 
as- well as the land is covered with that warm 


winter garment, a few degrees more of cold in the 


air cannot produce any laſting! bad conſequences, 


It may oblige the inhabitants to uſe additional pre- 
eautions to guard themſelves, their domeſtic: ani- 
mals, and their proviſions, from the uncommon ſe- 
verity of the weather; but it can have very little 


influence in the temperature of the enſuing ſum- 


mer; and even it is probable, if it influences it at 
all, that it tends rather to make it warmer than 
colder. Lakes of ſalt water could therefore be of 
no real uſe in winter in cold countries, and in ſum- 
mer they could not fail to be very hurtful; while 
freſh lakes, as they are frozen over almoſt as ſoon 
as the winter ſets in, and long before the whole 
maſs of their water is cooled down to the tempera- 
ture of freezing, they preſerve the greater part of 


their 
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their Heat through the winter, and if they are of 
no uſe during the cold ſeaſon, they probably do 


| Httle or no harm in ſummer. 


But I muſt take care not to tire my reader by 
purſuing theſe ſpeculations too far. If I have per- 
fiſted in them, —if I have dwelt on them with: pe- 
culiar ſatisfaction and complacency,—it is becauſe I 
think them uncommonly intereſting, —and alſo 
becauſe I conceived that they might be of real wy 
in this age of refinement and /cepticiſm. « 

If, among barbarous nations, the fear - of a 
God, and the practice of religious duties, tend to 
ſoften ſavage diſpoſitions, and to prepare the mind 
for all thoſe ſweet enjoyments which reſult from 
peace, order, induſtry, and friendly intercourſe, 
a belief in the exiſtence of a Supreme Intelligence, who 
-rules and groverns the univerſe with wiſdom and 

„is not leſs effential to the happineſs of 
thoſe who, by cultivating their mental powers, 
HAVE LEARNED TO KNOW HOW LITTLE CAN' BE 
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DESCRIPTION « OF THE PLATES. 


PLATE. J. 
| _ His Plate repreſents the eylindrical: Paſſage 


Thermometer uſed in the Experiments, on the 


conducting power of liquids, with regard to Heat. 


Fig 1. a, ö, is a ſection of the braſs tube in 
which the Thermometer Gy "oy an oblong W 5 
bulb, is placed. 4 


e, f, is the glaſs tube of the Thermometer, which »% 


for want of room in the Plate, | is repreſented as 
broken off at 7. 


$ is a ſtopple of cork by which the end of the 
braſs tube, a, ö, is cloſed ; and 


b, is a. circular diſk of the fame ſubſtance. 


The ſpace in the braſs tube below this diſk h, ſur- 


rounding the bulb of the Thermometer, was occu- 


pied by the liquid whoſe conducting power was 


determined. e ſpace between the diſk and 
the cork ſtopper 74 was filled with eider-down. 
Between the inſide of the braſs tube and the 


lower part: of the bulb of the Thermometer are 


ſeen the wooden pins which ſerved to confine the 
Thermometer in its place. 

Fig. 2. This is an horizontal ſection of the braſs 
tube, and a bird's- eye view of the Thermometer in 


its place. 
VOL, II. * PLATE 
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PLATE I. 


Fig. 3. This Figure ſhows the manner in which 
the Experiments were made, in which a cake of ice 


at the bottom of a tall glaſs jar was thawed by hot 


water ſtanding on its ſurface, | 
a, is an earthen bowl filled with pounded ice 


and water, in Which dhe glaſs jar, ö, was placed. 


c, d, is che level af the upper ſurface of the ice 


| in the jar. 1 


| „ e & the fuſs of 0 mare 
ſanding © on the 1 ein 0 jar. 
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traction of Affinity. Strata of freſh Water and of 
ſalt Water may be made to repoſe on each other in 
actual Contact without mixing.—Ptobability that 
the Water at the Bottom of freſh Lakes, that are 
very deep, may be actually. ſalt. 


A* the end of a French tranſlation of the Firſt 


Edition of this Eſſay, publiſhed at Geneva, Pro- 
feſſor Pictet (the tranſlator) has added the follow- 
ing extract of one of my private letters to him, (of 
the gth June 1797, -written in anſwer to one from 
him to me, acknowledging the receipt of a manu- 
ſcript copy of the Eſſay which I had ſent him. 

& I ſhould have been much ſurpriſed if my Se- 
« venth Effay had. not intereſted you; for in my 


« life I never felt pleaſure equal to that I enjoyed 


« in making the experiments of which I have given 
04 an account in that performance. Lou will per- 
855 haps be ſurpriſed when I tell you, that I have 
& ſuppreſſed. a whole Chapter of intereſting ſpecu- 
lation, merely with a view of leaving t to others a 
* tempting field of curious inveſtigation untouched, 
and to give more effect to my concluding reflec- 
tion, which I conſider as being by far the moſt 

| we important of any I have eyer publiſhed.” . 
As theſe aſſertions, (which were not originally 
intended for the public eye,)—are, liable to ſeveral 
interpretations, I think it my duty, not only to ex- 
ain them, but alſo to let the Public know preciſely 
ow far I have puſhed my inquities in the inveſti- 
gation of the ſubje& under conſideration: This is 
an n act of juſtice which 1 owe to thoſe who may be 
+ e f ga g ed 
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engaged in the fame purſuits; for it would be very 
unfair, by ob/cure hints of important information kept 
back, to keep others in doubt with reſpect to the 
originality of the diſcoveries they may make in the 
proſecution of their inveſtigations. This would tend. 
to damp the fpirit of inquiry, inſtead of exciting it; 
and throwing out ſuch hints looks ſo much like 
lying in wait to ſeize on the fair fruits of the la- 
bours of others, that I cannot reſt till I have ſhewn 
that I do not Ae to be ſuſpected of ſuch pitiful 
views. 

My worthy friend, Profeſſor Pictet, certainly did 
not ſuſpect any unhandſome deſign, in any thing I 
ſaid to him in my (private) letter; but thoſe who 
are leſs acquainted with my character, may not be 
diſpoſed to give me credit for candour and diſinter- 
eſtedneſs without proofs. a, 

With regard to the aſſertion in my letter, « that 
*I had ſuppreſſed a whole Chapter of intereſting 
1 ſpeculation, with a view to leaving to others a 
e tempting field, untouched, for curious inv | 
< tion z”—this is perfectly true in fact, as will, [ 
flatter myſelf, appear, by what I ſhall now lay be- 
fore the Public : and I am confident that thoſe who 
will take the trouble to conſider with attention 
the reaſons which induced me to do this, will find 
them ſuch as will deſerve their approbation; _ 

Having, as I flattered myſelf, laid open a new 
and moſt enticing proſpect to thoſe who are fond of 
philoſophical purſuits, I was afraid, if I advanced 
too far, that others, inſtead of ſtriking out roads for 
themſelves, * perhaps content W with 

2 2 following 
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following in my footſteps ; and conſequently that 
many, and probably the moſt intereſting parts of the 
new field of enquiry, would remain a long time un- 


explored : And with regard to the reputation of 


being a diſcoverer, though I rejoice, I might ſay, ex- 
ult and triumph—in the progreſs of human know- 
| ledge,—and enjoy the ſweeteſt delight in contem- 

plating the advantages to mankind which are, de- 
rived from the introduction of uſeful improve- 
ments; yet I can truly ſay, that I ſet no very high 
value on the honour of being the firſt to ſtumble 
on thofe treaſures which every where lie ſo {lightly 
covered. 

In reſpe&t to the © concluding reflection of the 
Firſt Edition of this Eſſay; though ſome may 
ſmile in pity, and others frown at it, I am neither 
aſhamed nor afraid to own, that I conſider the ſub- 
ject as being of the utmg/t importance to the peace, 
order, and happineſs of mankind, in our preſent ad- 


vanted ſtate of ſociety. But to return from a 


greſſions— 


Though it 33 to me that the lms 


fact I undertook to inveſtigate, relative to the man- 
ner in which Heat is propagated in Fluids, is fully 
eſtabliſhed by the Experiments, of which an ac- 
count has been given in the preceding Chapters of 
this Eſſay ; ; yet, as a thorough examination of the 
ſubject is a matter of much importance, in many 
reſpects, I did not reſt my enquiries here, but made 
a number of Experiments with a view to throwing 
{till more light upon it, and enabling us to form 


more clear and diſtinct ideas reſpecting thoſe curious 
mechanical 
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mechanical operations which appear to take place 
in Fluids, when Heat is propagated in them. 
Having frequently obſerved when à quantity of 
vie in as of my $ Jars was frozen to a cake 
of ice, 'by placing ff e jar in a freezing mixture, 
that, as the ice firſt began to be formed at the ſides 
of the jar, and increaſed gradually i in thickneſs, the 
portion of water in the axis of the jar'(which laſt 
retained its Huidity) being comprefled by the ex- 
panſion of the ice, was always forced upwards to- 
wards the end of the proceſs, and formed a pointed 
projettion of ice in the form of a nipple, (pepilla,) 
which was ſometimes above half an inch high in the 
middle of the upper, ſide of the cake; I was led by 
that circumſtance to make the following intereſting 


e 


Experiment, No. 55. 


A cake of ice, 3 inches thick, which had a 
pointed projection, ; an inch high, which aroſe 
from the centre of its upper ſurface, being frozen 
faſt in the bottom of a tall cylindrical glaſs jar, 47 
inches in diameter; this jar, ftanding in an earthen 
pan, and being ſurrounded by pounded ice and 
water, to the height of an inch above the level of 
the upper ſurface of the cake of ice, was placed on 
a table, near a window; i in « room where the air was 
at the temperature of 431* of Fahrenheit's thermo- 
meter; and fine olive oil, which had en 
been cooled down to the temperature of 327, 

| 2 3 : pi 
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poured into the jar till it ſtood at the height of 3 


inches above the ſurface of the cake of ice. a 
Having, ready a ſolid cylinder of wrought. i won, j 
z inch in diameter, and 12 inches long, with a Y 
ſmall hook at one end of it, by means of which it 1 
could occaſionally be ſuſpended in a vertical poſi- t 
tion, and furniſhed with a fit hollow cylindrical 
ſheath of thick paper, into which it juſt paſſed, — n 
open at both ends, and about r of an inch longer t: 
than the ſolid cylinder of iron, to which it ſerved it 
as a covering for keeping it warm; this iron 2 0 
linder, being heated to the temperature of 210% in E 
boiling water, and being ſuddenly introduced into cn 
its ſheath, was ſuſpended by an iron wire which deſ- ri 
cended from the ceiling of the -room, in. ſuch a | 
manner, that its lower end entering the jar, (in the 64 
direction of its axis,) was immerſed in the oil to in 
ſuch a depth, that the middle of the flat ſurface of fo 
this end of the hot iron, which was directly above ſe 
the point of the conical projection of ice, was diſ- it 
nat from it only c of m inch. The end of the m 
| ſheath deſcended ry of an inch lower than the end | 
of the hot metallic cylinder. / 3h 
As the oil was very tranſparent, and the jar of 
placed i in a favourable light, the conical projection 2 
of ice was perfectly viſible, even after the hot cy- he 
linder was introduced into the jar; and had any 20 
Heat DESCENDED through the thin ſtratum. of fluid * 
oil which remained interpoſed between the hot ſur- the 
face of the iron and the pointed projection of ice, cot 
which was under it, there is. no doubt but this 2 
Heat muſt have been apparent, by the melting 0 ent 
* 
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the ice; which event would have been. diſcovered, 
either by the diminution of the height of this pro- 
jection, or by an alteration of its form. But. this 
was not the caſe; the ice did not appear to be in the 
ſmalleſt degree diminiſhed, or otherwiſe affected by 
the vicinity of the hot iron. 

My reader will naturally ſuppoſe, without my 
mentioning the circumſtance," that due care was 
taken in introducing the cylinder into the jar, to do 
it in the moſt gentle manner poſſible, to prevent the 
oil from being thrown into undulatory motions ; 


and that proper. means were uſed for confining the 


cylinder, motionleſs, in its place, omar it had ar- 


rived there. 


As this experiment appears to me to be unex- 


| ceptionable, and its reſult unequivocal and deciſive; 
in order that a perfect idea may the more eaſily be 


formed of it, I have added the Figure 4, where a 


ſection of the whole of the apparatus uſed in making 


it may be ſeen, expreſſed in a clear and diſtin 


manner, 
If the general reſult of the Experiments, of which 


an account has been given in the two firſt Chapters 
of this Effay, afforded reaſon to conclude that 


water is a non- conductor of Heat, the reſult of that 
here deſcribed certainly proves, in a manner quite 


"as ſatisfactory, that oi is alſo a non - conductor; and 


ſerves to give an additional degree of probability to 


the conjecture, that all Fluids are necgſarily non- 


conductors of Heat. 
As mercury, which is a metal in fuſion, is differ- 


ent in many reſpeQs from all other Fluids, 1 
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oth very finpatlenit to line if ir agrebd with them an 
that eſſential property, froth which they have been 
denominated non- conductors of Heat, and this 1 
Wund to be actualhy the cafe, by the refult ef the 
BA AS Experfitient. | 


| Experiment, No. 56. 


\ Having emptied and Cleaned out the cylindrical 
glaſs j jar uſed in the laſt mentioned Experiment, 
and repleniſhed i it with a freſh cake of ice, with a 
conical projection in the middle of its upper fide, I 

Placed the jar, ſurrounded by pounded ice and 
water, on the table, in the cold room, where the 
foregoing Experiment had been made; and poured 

dver the cake of ice as much ice-cold mercury, 28 
covered it to the help ht of about an inch. Having 
cleaned the ſurface of the-mercury in the jar with 
blotting paper, 1 ſuffered the whole to remain quiet, 
about an hour; and then very gently introduced 
the end of the hot cylinder of iron (incloſed in its 

| paper ſheath) into the mercury, and fixed it immo- 
veably in ſuch a. poſition, chat its flat end, which 
was naked, was immediately over the point of the 
conical projection of ice, and diſtant from it about 

Z of an inch; where I ſuffered it to remain ſeveral 

. minutes, 

- neceſſary that I Gould mention, that, in 

order to prevent the internal motions-in the maſs of 

mercury, which would otherwiſe have been occa- 

ſioned by the riſing and ſpreading out on its ſurface 

of thoſe W of that fluid, which, — 
to 
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touched the flat end of the hot iron, became ſpeci- 
feally lighter in conſequence of their increaſe df 
temperature, the end of the hollow cylindrical 
ſheath, in which the ſolid cylinder of iron was 
placed, was made to project about +4; of an inch 
below the flat end of the iron. This precaution 
Was likewiſe uſed, and for a fimilar reaſon, in the 
preceding Experiment; when oil was uſed in the 
place of the mercury; as was mentioned, though 
without being explained, in giving an account of 
that Experiment. 

As the cake of ice, on which the mercury repoled, 


was at that temperature preciſely-at which ice is dif-_ 


poſed to melt with the ſmalleſt additional quantity 
of Heat, if any Heat had found its way downwards 
through the mercury to the ice in this Experiment, 


water would moſt undoubtedly have been formed; 


and this water would as undoubtedly have appeared | 


on the ſurface of the mercury on taking away the 


iron: but there was not the ſmalleſt appearance of 
any ice having been melted. _ 
To find out whether the cake of ice was really at 
that temperature at which it was diſpoſed to melt 
with any additional Heat, I thruſt down the end of 
my finger through the mercury, and touched the 


ice; and this Experiment removed all my doubts; 
for 1 found that, however expeditiouſly I performed 
that operation, it was hardly poſſible for me to 
touch the ice without evident 5 of water having 


been produced being left behind, on the clean and 
bright ſurface of the mercury, on taking away my 
finger, 


From 
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From the reſults of all theſe experimental inveſti- 
gations it appears to me, that we may ſafely con- 
clude that water, oil, and mercury are perfect non- 
conductors of Heat; or, that when either of thoſe 
ſubſtances takes the form of a Fluid, all interchange 
and communication of Heat among its particles, or 


from one of them to the other, directly, becomes 


from that moment abſolutely impoſſible. 

That this is alſo the caſe with reſpect to the par- 
| ticles of air, has been rendered extremely probable, 
Il believe I might ſay proved by che Experi- 
ments of which I gave an account in one of my 
Papers on Heat, publiſhed in the Tranſactions of 
the Royal Society; —and I have ſhewn elſewhere— 
(in my Sixth Eſſay) how much reaſon there is to 
conclude, that the particles of Steam and of Flame 
are in the ſame predicament, 

But if all interchange and communication of 
Heat, from particle to particle—immediately, or de 
- proche en proche, be abſolutely impoſſible i in ſo many 
elaftic and unelaſtic Fluids, —and in Fluids fo eſ- 
ſentially different in many other reſpe&s,—is there 
not ſufficient grounds to conclude from hence, that 

this property is common to all Fluids — and that it 
is even efential to fluidity ? 

It is eaſy to conceive, that the diſcovery of ſo i im- 
portant a circumſtance muſt neceſſarily occaſion a 
conſiderable change in the ideas we have formed in 
reſpect to the mechanical operations which take 
place i in many of the great phenomena of Nature; 
as vell as in many of thoſe ſtill more intereſting 

chemical 
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chemical operations, which we are able to direct, 
but which we find, alas! very difficult to explain. 
In my Paper on Heat, above mentioned, publiſhed 
in the Philoſophical Tranſactions for the year 1792, 
I endeavoured to apply the diſcovery of the non- 
conducting power of air in accounting for the 
warmth of the hair of beaſts ;-of the feathers of 
birds; —of artificial clothing ;—and of ſnow, the 
winter garment of the earth; — and alſo, in explain- 
ing the cauſes of the cold r from the polar re- 
gions, and of their different directions in different 
countries, which prevail at the end of winter, and | 
early in the ſpring. 

In my Sixth Eſſay (on the Management of 
Heat and the Economy of Fuel) —I availed myſelf 
of the knowledge of the non-conduCting power of 
fteam and of flame, in explaining the effects of a 

blow-pipe i in increaſing the action of pure flame; 
and in inveſtigating the moſt advantageous Gow 
for boilers : and in the third Chapter of this Eſſay 
I have endeavoured to apply the diſcoveries which 
had been made, reſpecting the manner in which 
Heat is propagated in ater, in explaining the means 
which appear to have been uſed by the Creator of 
the world for equalizing the temperatures of the 
different climates, and preventing the fatal effects 
of the extremes of heat and of cold on the ſurface 
of the globe. But a moſt intereſting application 
remains to be made of theſe diſcoveries, to chemiftry; 
——vegetation ;—and the animal economy and to 
the learned in thoſe branches of ſcience I beg leave 
moſt earneſtly to recommend them. If I am not 
much 
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322 Of the Propagation of Heat 
much miſtaken they will throw a new light on 
many of thoſe myſterious operations of Nature, in 


/ which inanimate bodies are put in motion — their 


forms changed their component parts ſeparated, 


and new combinations formed; and it is poſſible 


that they may even enable us to account, on me- 
chanical principles, for thoſe ſurpriſing appearances 
of preference and predilection among bodies, which, 
vithout ever having been attempted to be explained, 
have been diſtinguiſhed wn the pete uf Aba. 
cal affinity. | 

Perhaps it will be found that every change of 
form, in every kind of ſubſtance, is owing to Heat; 


and to Heat'alone :—that every coneretion is a true 


congelation; effected by cold, or a diminution of 


Heat —and that every change from a ſolid to a 


fluid erb i is a real fon. That the difference be- 
-tween calcination in the tet and in the dry way, is 
in fact, much leſs than has hitherto been generally 
imagined ; and that no metal is ever diſſolved wt it 
be firſt been melted. 

Perhaps it will be found, that the apparent vio- 
Wee with which ſolid bodies of ſome kinds are at- 


tacked by their liquid ſolvents,—and wich has, I 


believe, been conſidered as a proof of a ſtrong che- 
mical affinity—is not owing to any particular at- 
traction, or election, but to the conſiderable degree 
of heat, or of cold, which is produced in their 
union with their menſtrua; or to a great difference 

in the ſpecific gravity of the menſtruum in its na- 
Ad Hive. and that of the ſame fluid aſter it ns 
been changed to a ſaturated ſolution, f 
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If Fluids are non-conduQtors of Heat, it is evident 
that, - if any change of temperature takes place in 
chemical ſolution, it muſt neceſſarily, produce cur- 
rents in the ſolvent ; and that theſe currents muſt 
be the more rapid, as the change of temperature is 
greater; and as they neceſſarily cauſe a ſucceſſion 
of freſh particles of the ſolvent to come into contact 
with the ſolid, it is evident, all other things being 
equal,—that the rapidity of the proceſs of ſolution 
will be as the rapidity of theſe currents, —or as the 
change of temperature. 

But the currents produced by the difference in 
the ſpecific gravitles: of the fluid menſtruum, and 
of the ſaturated ſolution, have perhaps, in general, 
a ſtill greater effect in bringing a rapid ſucceſſion. of 
freſh particles of the menſtruum into contact with 
the ſolid body that is diſſolved in it, than thoſe pro- 
duced, by the change of temperature. 

When theſe two cauſes conſpire to accelerate the 
motion of the ſame current, or when their ten- 
dencies are in the ſame direction, as is the caſe in 
the ſolution of common ſea-ſalt in water, — the 
ſolution ought to be moſt rapid. 

When common ſalt is diſſolved in water, the ſpe- 
cific gravity of the ſaturated ſolution is greater than 
that of pure water, and will therefore deſcend in it; 
and cold being produced in the proceſs, and water 
being a non - conductor of Heat, the ſpecific gravity 
of the ſaturated ſolution will be ill farther increaſed, 
in conſequence of its condenſation with this cold, 
by which its deſcent in the water will be {till farther 


accelerated. 


2 A curious 
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A curious queſtion here preſents itlelf, which, 


could it be reſolved, might greatly tend to Autidate 
this abſtruſe ſubject of ohil>ophical inveſtigation. 


Suppoſing that, in a cafe where Heat is generated 
in the ſolution of a ſolid in a fluid menſtruum, the 
addition to the ſpecific gravity of the menſtruum, 
ariſing from its chemical union with the ſolid, ſhould 
fo preciſely counter-balance the diminution of the 
ſpecific gravity of the Fluid, by the Heat generated 
in the proceſs, that the hot faturated ſolution ſhould 
be preciſely of the ſame ſpecific gravity as the cold 
menſtruum ;—would, or would not the proceſs 
of ſolution be poſſible under ſuch circum- 
ſtances? 


If the apparent tendency to approach each other, | 


which we ſometimes perceive in ſolids and their 
fluid menſtrua, were real; if that peculiar kind of 


attraction of redileQion which has been called 


chemical affinity, has a real exiſtence, and if its in- 
fluence reaches beyond the point of attual contact, (as 
has, I believe, been generally ſuppoſed,) as there is 
no appearance of any attraction whatever, or afh- 
nity, between any ſolid body, and a ſaturated ſolu- 
tion of the fame body in its proper menſtruum, it 
ſeems probable that the ſolution would take place, 
under the circumſtances deſcribed : but ſhould 


the attraction of affinity, according to the definition: 


of it here given, have no exiſtence in fact, (which 
is what I very much ſuſpect,) in that caſe it is evi- 
dent that the ſolution, though it would not be ab- 
ſolutely impoſſible, would be fo very flow : as uy 
to be perceptible. 


It 
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It would not be impoſſible, becauſe the particles of 
the menſtruum in immediate contact with the ſolid, 
though, in the moment of their ſaturation, they 
would have no tendency to move out of their places, 
yet, as they would by degrees neceſſarily give off, 
to the undiſſolved part of the ſolid, a part of the 
Heat acquired in the chemical proceſs by which 
they were ſaturated, being condenſed by this loſs of 


Heat, they would, at length, begin to deſcend, and 
give place to other particles of the menftruum ; ; 


which, in their turns, would follow them, but with 


velocities, however, continually decreaſing on 
account of the gradual augmentation of tempera- 
ture of the undiſſolved part of the ſolid, and of the 
Heat communicated by that ſolid ſubſtance to the 


| whole maſs of the liquid menſtruum. 


Though it would, probably, be extremely diffi- 

cult to contrive any ſingle experiment, from the re- 
ſult of which a ſatisfactory deciſion of this queſtion 
could be obtained, yet it does not appear to be im- 
poſſible to diſcover by indirect meant, the principal 
fact on which its deciſion muſt depend. 
It is a well known fact, that, when water which 
holds ſea-ſalt in ſolution is mixed, in any veſſel, 
with freſh water, the falt will, after a ſhort time, be 
found to be very equally diſtributed in every part of 
the whole maſs; and I believe that it has been ge- 
nerally conſidered, that this equal diſtribution of the 
ſalt is owing to the affinity which is ſuppoſed to 9 
between ſea-falt and water. 

Having doubts with reſpe& to the exiſtence 4 
this ſuppoſed attraction; and ſuſpecting that the 


4 equal 
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equal diſtribution of the falt was owing to a very 


different  cauſe—the internal motions. among the 


particles of the water, occaſioned by accidental 
changes of temperature I made the following 
Experiment, which, 1 ney, will be conſidered as 
deciſive. | | 


Deperimen, No. 57. 


teck a ee glaſs jar, 4% ue min 
as and 73 inches high, and placing it in the 


middle of another cylindrical glaſs jar, 75 inches 


in diameter, and 8 inches high, which ſtood in 
a very ſhallow earthen diſh, nearly filled with 
pounded ice and water, I placed the diſh, with its 
contents, on a ſtrong table, in an uninhabited room, 
in a retired part of the houſe, where the tempera- 
ture of the air, which was the fame, with very 
little variation, day and night, was at about 36“ F. 
Having prepared, and at hand, a quantity of the 
pans brine 1 could make with ſea- falt, which 

was very clear, tranſparent, perfectly colourleſs, 


and ice-cold ; and alſo, a quantity of freſh, or 


pure Arterie cold, lightly tinged of a red 
colour with turnſol ; and ſome ice-cold olive-oil ; I 
firff * poured as much of the freſh water into the 
ſmall cylindrical jar as was neceſſary to fill it up to 
the height of above 2 inches ; and then, by means 
of a glaſs funnel, which ended i in a long and narrow 
tube, by introducing this tube into the freſh water, 
and nog þ it on the bottom of the j Jar, I | poured a 

quantity 
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quantity of the brine, equal to that of the freſh 
water, into the jar; and in performing this opera- 
tion I took ſo much care to do it gently, and with- 
out diſturbing the Ireſh water already in the jar, 
that, when it was finiſhed, the freſh water, which, 
as it was coloured red, could eaſily be diſtinguiſhed 
from the brine, remained perfectly ſeparated from 
this heavier ſaline liquor; on which it repoſed 
quietly, without the ſmalleſt appearance of any 
tendency to mix with it. 

I now filled, to the height of about 5 inches, 
the void ſpace between the outſide of the ſmall jar 
and the inſide of the large jar in which it was 
placed, with ice-cold water, mixed with a quantity 
of ice, in pieces as large as walnuts, —(pounded 
ice would have obſtructed the view in obſerving, 
through the ſides of the large jar, what paſſed in 
the ſmaller)—and when this was done, I very care- 
fully poured ice-cold olive oi/ * into the ſmaller jar 
till it covered the ſurface of the (tinged) freſh water 
to the height of about an inch (ſee Fig. 5. Plate IV.); 
and placing myſelf near the table, in a fituation 
where I had a diſtin& view of the contents of the 
ſmall jar, I fet myſelf to obſerve the reſult of the 

After waiting aboye an hour without being able 
to perceive the ſmalleſt appearance of any motion, 
either in the brine, or in the freſh water, (the one 
continuing to W on the other with the moſt 


®* This oil ſerved not only to keep the water on which it repoſed, 
quiet z but alſo to prevent any communication of heat between it 
and the air of tha atmoſphere, 
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perfect tranquillity, and without the ſmalleſt diſpoſi- 


tion to mix together) I left the room. 
When I returned to it the next day, I found 
things preciſely in the ſtate in which I had left 
them; and they continued in this ſtate, without 
"the ſmalleſt appearance of any change, or of any 
diſpoſition to change, during four days. 

At the end of that time, thinking that any far- 
ther prolongation of the Experiment would be 
quite uſeleſs, I removed the ſmall jar, taking care 
not to agitate its contents, and placed it in the win- 

dow of a room heated by a German ſtove. 

In leſs than an hour I perceived that the brine 
and the (tinged) freſh water began to mix, and at 
the end of 24 hours they were intimately mixed 
throughout, as was evident by the colour of the 
aqueous fluid on which the oil repoſed; which 
now appeared to the eye to _— one IO mals 
of a light red tint. 

I ſhall leave it to Philolophers to draw their own 
concluſions from the reſults of this Experiment: 
In the mean time, there is one fact which it ſeems 
to point out that I ſhall juſt mention, which is not 
-only-curious in itſelf, but may lead to very import- 
ant diſcoveries. It appears to me to afford ſtrong 


"reaſons to conclude that, were a lake but very deep, 


its waters, near the ſurface, would neceflanly be 
freſh, even though its bottom ſhould be one ſolid 
maſs of rock ſalt! 

| Would it be ridiculous to make Experiments to 
determine whether the water at the bottom of ſome 


| _w_ deep lakes is not impregnated with alt? 
= 3 Should 


/ . I YC OT EO IT 


-» 9 My = 


F 


in Fluids. | 39 

Should it be found to be actually the caſe, it might 

prove an unexhauſtible treaſure i in an inland coun- 
try, where ſalt is ſcarce. 

As mines of rock-ſalt are often found in the 

neighbourhood of freſh lakes, it ſeems reaſonable 

to ſuppoſe that the waters of ſuch lakes- ſhould 


ſometimes be in contact with ftrata of theſe mines; 


and when I firſt began to meditate on this ſubje&, 
I was much ſurpriſed, —not that the ſalt water 
which may lie at the bottom of freſh lakes ſhould 
not already have been diſcovered, —for from the 
firſt I plainly perceived that nothing could happen 
in the ordinary courſe of things that could bring it 
to the light, or even afford any grounds to ſuſpe& 
its exiſtence; — but, as rata of ſalt mines frequently 
lie higher than the mean level of the country, I was 
ſurpriſed that lakes of /alt water ſhould not more 
frequently be found; and as theſe reflections oc- 
curred to me after I had diſcovered what appear- 
ed to me to be an evident proof of the wiſdom and 
goodneſs of the Creator in making all lakes in cold 
countries freſh, I began to be alarmed for the fatal 
conſequences that might enſue, if, by chance, the 
fide of a lake ſhould come into contact with a 


mountain of ſalt ; as I ſaw might eaſily happen. 


Shall I,—or ſhall I not attempt to give my reader 
an idea of what I felt, when, meditating on the 
ſubject, and almoſt beginning to repent of what 
many, no doubt, have already condemned as the 
fooliſh dream of an enthuſiaſtic imagination, I ſaw, 
all at once, that the moſt effectual care had been 
taken to prevent the evils I apprehended ;—that 

AAZ from 
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from the very conſtitution of things, and the ord- 


nary and uniform operation of the known laws of y 
Nature, the permanent ex iſtence a lake, SALT Ar 
THE SURFACE, is abſolutely impoſſible ; even though by 
it ſhould be ſurrounded on oy ſide by mountains Pt 
of falt??? * 
Though the exploſion * da 8 an earth- q 
quake; or any other great convulſion, by which the 92 
ſhores of a lake might be brought into contact with 2 
a vaſt mine of ſalt, might cauſe the whole maſs 5 
of i its water to be falt for a time; yet, the evil „ 
would ſoon effect its own remedy: The falling in = 
of the cruſt of earth and ſtones by which mines of : 


_ falt are every where found to be covered, (and 
without which they could not exiſt) would very 
Joon cover the naked falt, and the water at the 
ſurface of the lake would again become perfectly 
freſh. Should, however, the lake be ſo deep that 
the temperature at the bottom ſhould remain the 
ſame ſummer and winter, without any ſenſible va- 
riation, it is moſt certain that its waters there—(at 
the bottom of the lake)—would remain perfectiy 
ſaturated with ſalt for ever. 

But are there not ſome reaſons to conclude that 
the water at the bottoms of all very deep lakes ought 
neceflarily to be ſalt, even in ſituations where there 
are no mines of ſalt near? - 

The ſea-ſhells that are frequently found in high 
inland ſituations, as well as many other appear- 


By the word Lake I mean, as is eaſy to perceive, a collection of 
water, in a high inland ſituation, from which there is a conffant 
offlux. ad 
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ances noticed by naturaliſts, ſtrongly indicate that 
moſt of our continents have been covered by the 
waters of the ocean. Now if that event ever hap- 
pened—however remote the period may be at 
which it took place —it ſeems highly probable that 
the ſalt water left at the bottoms of all deep lakes, 
by the ſea, on its retiring, muſt be there now. 

I cannot take my leave of this ſubject wirhout 
juſt obſerving, that the diſcovery of the impoſſibHity 
of the permanent exiſtence of what we can plainly 

eive would be an evil, certainly ought not to 
diminiſh our admiration of the wiſdom of the great 
Architect of the Univerſe, : 


443 
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WIdrswi the mechanical operation may in 
fact be, by which thoſe effects are produced 


that have given riſe to the idea of the exiſtence of 
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an attraction of affinity—(a power different from I 
gravitation)—between ſolid bodies and their liquid P , 
menſtrua, and between different portions of the _— 
ſame menſtruum differently ſaturated ; the reſult of; 
of the foregoing Experiment (No. 57) proves that % 
two particles of water in combination with very cel 


different 
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different quantities of ſea-ſalt; or à particle of 
water ſaturated with ſalt, and another perfectly free 
from ſalt; may be in contact with each other for any 
length of time without ſnowing any appearance of 
a diſpoſition to equalize the ſalt between them. 
But ſhould we even admit as a fact, what this 
Experiment ſeems to indicate, namely, that there 
is no ſuch thing as an attraction predilectiun be- 
tween ſolids and their ſolvents; and that all thoſe 
motions which have been attributed to the action 
of that ſuppoſed power, — (as well as all other 
motions which take place in Fluids,)—are the im- 
mediate effects of gravitation acting according to 
immutable laws, and changes of ſpecific gravity by 
Heat; yet, there would ſtill remain one great diff- 
culty in explaining chemical ſolution. As all me- 
chanical operations require à certain time for their 
performance; and as the motion which is occaſion- 
ed in a Fluid by a change of ſpecific gravity in any 
individual particles of it, begins as ſoon as the 
change begins to take place, if there be no at- 
traction between the particles of ſolid bodies and 
the particles of their menſtrua; as Heat is ſuppoſed 
to be generated or abſorbed, or, to ſpeak more 
properly, — both generated and abſorbed, —in the 
contact of thoſe particles, and previous to the com- 
pletion of their chemical union ; —how does it hap- 
pen that the particle of the menſtruum whoſe ſpe- 
cific gravity is neceſſarily changed by this change 
of temperature, does not immediately quit the ſolid, 
in conſequence of this change; and before the pro- 
ceſs of ſolution has had time to' be completed ? 
i*9 ASS: + A con- 
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A conſideration of the effects of the vis inertie 
df the particle of the menſtruum whole ſpecific 


gravity is thus changed, and alſo of the vis inertiæ 
af the reſt of the Fluid, and the reſiſtance it muſt 


oppaſe to the motion of its individual ſolitary par. 


ticles, would furniſhi us with arguments that might 
be employed with advantage in removing this diffi- 
culty; but I fancy that the reſult of the Experi- 
ment of which 1 ſhall- preſently give an account 


will be more, fader than any reaſoning ur 


ſupported by fats, that J could offer bn the 
ſubjed. VERY 

When a doubt * with regard to the peſſibility 
of any operation of a peculiar kind, which is p- 
poſed to take place, in any proceſs of nature among 
thoſe infinitely ſmall integrant particles of bodies 
which-eſcape, and muſt ever eſcape, the cognizance 
of our groſs organs, however they may be aſſiſted 
by art, the ſhorteſt way of deciding the queſtion is 
to put the known powers of nature in action under 
ſuch circumſtances that the effects produced by 
them muſt ſhow, unequivocally, whether the ſup- 


poſed- operation be poſſible, or not: and if it be 


found to be poſſible in one caſe, we may then 
argue with leſs difidence on the probability of its 
actually taking place in the ſpecific aße in 
queſtion, 

It has been abundantly proved by the Experi- 
wents of M. de Luc, and by ' thoſe of my friend 
Sir Charles Blagden, that, when water, in <cool- 
ing. has arrived at the temperature of about 41 F. 


its condenfation with ald e and it begins ta 


expand; 
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expand; and continues to expand gradually as its 
temperature goes on to be farther diminiſhed; till 
it is changed to ice. Availing myſelf of that moſt 
important diſcovery, I made the following __ 
ment, 


Experiment, No. 5 8. . 


Having poured mercury, at the temperature "yy 
60*, into a common glaſs-tumbler, till this Fluid 


fd t the hit of bout mich len pour 


about twice as much water (at the fame temperature) 
upon it; and placing the tumbler in a ſhallow 
earthen diſh, ſurrounded it to the height of the 
level of the ſurface of the mercury with a freezing | 
mixture of ſnow and common falt. Having done + 
this, I was very curious indeed to ſee in what part 
of the water ice would firſt make its appearance. 
Could it be at the upper furface of it? That ap- 
peared to me to be impoſſible; for the Experi- 
ment being made in a room warmed by a German 
ove, the temperature of the air which repoſed on 
that ſurface was conſiderably above the por = 
which water freezes. 

Could it be at its lower ſurface, where it reſted! 
on the upper furface of the mercury? ff that 
ſhould happen, it would ſhow, that, notwithſtand- 
ing the diminution of the ſpecific gravity of the 
water in paſſing from the temperature of 417 to 
that of 32*; and the tendency which this diminu- 
tion gave it to quit the ſurface of the mercury 
from the inſtant when, in being cooled by a con- 
tact with it, it had paſſed the point of 41“; yet, 
age | | Þ 
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there was time ſufficient for the congelation to be 
r 
make its eſcape. 

The reader will naturally concluite from as 

was faid in the preceding page, that it was merely 
with a view to the determination of that ſingle 
fact, that this Experiment was contrived; and he 
will perceive by the reſult of it that my expect- 
ations with regard to it were fully anſwered. 6 

Ice was not only formed at the bottom of the 
water, at its under ſurface, where it was in con- 
tat with the cold mercury; but, I found on re- 
peating the experiment, and varying it, by previ: 
ouſly cooling the mercury in the tumbler to about 

ro”, that boiling hot water, poured gently upon it, 
was inſtantly frozen, and gradually formed a thick 
cake of ice, covering the mercury; though almoſt 
the whole of the maſs of the unfrozen water, which 
reſted on this ice, remained nearly boiling hot. 

I.!mhis Experiment not only determines the point 
for the deciſion of which it was undertaken ; 
but alſo enables us to form a juſt opinion relpeth- 
ing a matter of fact which has been the ſubjeQ of 
a good deal of diſpute. - 

Though many accounts have been publiſhed of 
ice found at the bottom of rivers, yet - doubts 
have been entertained of the poſſibility of its being 
formed in that ſituation. From the reſult of the 
foregoing Experiment it appears to me that we may 

 fafely conclude, that, if after a very long and a 
very ſevere froſt, by which the ſurface of the ground 
15 not only been frozen to a conſiderable depth, 
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but 


but alſo — below the freezing 
point, a river ſhould overflow its banks; and cover 
the ſurface of ground previouſly” ſo” robled, ice 
would be formed at the bottom of the water: but 
all the Experiments that have been made on the 
congelation of water ſhow the abſolute impoſſibi- 
lity of ice being ever formed, in any country, at the 
bottom of a river which conſtantly fills its Banks, 
or which never leaves its bed expoſed, dry, to * 
cold air of the atmoſphere. 

By reflecting on the various eonſequences thr 
ought to follow from the peculiar marner in which 
Heat appears to be propagated'in Fluids, we are led 
to conclude, that it is almoſt- impoſſible” that any 
Fluid expoſed to the action of light ſhould ever be 
throughout of the ſame temperature, though its 
maſs be ever ſo ſmall; and that the difference in 
the Heat of its different particles muſt oocaſion 
perpetual motions among them. | 

Suppoſe any open veſſel, —as a common wat 
tumbler for inſtance,—containing a piece of mo- 
ney, a ſmall pebble, or any other ſmall ſolid opaque 
body, to be filled with water, and expoſed in a 
window, or elſewhere, to the action of the ſun's 
rays: As a ray of light cannot fail to generate 
Heat when and where it is ſtopped or abſorbed, 
the rays, which, entering the water, and paſſing 
through it, impinge againſt the ſmall ſolid opaque 
body at the bottom of the veſſel, and are there ab- 
ſorbed, muſt neceſſarily generate a certain quantity 
of Heat; a part of which will penetrate into the 


interior parts of the ſolid, yn a part of it will be 
commu- 
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E communicated to thoſe colder particles oſ Shore 
which repoſe on its ſurface... 

Let us ſuppoſe the quantity of Heat fa. commu. 
nary to one of the integrant particles of the wa- 

ter to be ſo ſmall, that its effect in diminiſhing the 
ſpecific gravity, of the particle i is but juſt ſufficient 
to cauſe it to move upwards in the maſs. of the li- 
quid with the very ſmalleſt degree of velocity that 
. would be perceptible by our organs of. ſight, were 
the particle in motion large enough to be viſible, 
This would be at the rate of about one hundredth 
part of an inch in a ſecond. 

This velocity, though it appears to us to be flow 
in the extreme, when we compare it with thoſe 
motions that we perceive. among the various bodies 

by which we are ſurrounded, yet, we ſhall be ſur - 
priſed when we find what a rapid ſucceſſion of 
events it is capable of producing. | ſec 
lf we ſuppoſe the diameter of the integrant par- fly 
ticles,” or molicules of water, to be one millionth in 
part ꝙ an inch — (and it is highly probable that 
they are even leſs—*)—in that caſe, it is moſt cer. 
tain; that an individual particle, moving on in a 
quieſcent maſs of that Fluid with the velocity in 
queſtion, namely, at the rate of „ part of an inch 
| n 1 fecond, would IS: ſpace equal to 


. (1d by the gold. beater, 

is not four times as thick as the diameter here aſſumed for the integrant 

particles of water. Theſe leaves of ſolid metal have been found by 

eomputation to be no more than Trude of an inch in , thickneſs. 

How much leſs muſt be the diameter of the ng ports of 
or. FS. 
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ten thouſand times the length F itt diameter in one 
ſecond, and conſequently, would come into contact 
with at leaſt fx hundred thouſand different ate 
of water in that time. 

Hence it appears how cnn ſhort the.” 
time muſt be that an individual particle, in 
motion, of any Fluid, can remain in contact with 
any other individual particle, not in motion, againſt 
which it ſtrikes in its progreſs, (however {low that 
progreſs - may appear to us to be) _— the. 
quieſcent maſs of the Fluid! ä 

Suppoſing the contact to laſt as long as the 
moving particle employs in paſſing through a ſpace 
equal to the length of its diameter—which is evi- 
dently all that is poſſible ;. and more than is pro- 
bable ;—then, in the caſe juſt ſtated, the contact 
could not poſſibly laſt longer than r555+ part of a 
ſecond! This is the time which a cannon bullet, 
flying with its greateſt velocity, (that of 1600 feet 
in a ſecond) would employ in advancing 2 inches. 

If. the cannon bullet be a nine pounder, its diame- 
ter will be four inches; and if it move with a ve- 
bocity of 1600 feet (= 19260 inches) in a ſecond, 
it will paſs through a ſpace juſt equal to 4800 times 
the length of its diameter in 1 ſecond. But we 
have ſeen that a particle of water moving +34 of 
an inch in a ſecond actually paſſes through a ſpace 
equal to ooo times the length of its diameter in 
that time: Hence it appears that the velocity with 
wvhich the moving body quits the ſpaces it occupies is 
more than twice as great in the particle of _— 
as in the cannon bullet ! : 
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| There is one more computation which may be of 
ue in enabling us to form more juſt ideas of the 
ſubject under conſideration, - and ſurely too much 
cannot be done to enlighten the mind, and aſſiſt the 
imagination, in our attempts to contemplate thoſe 
inviſible operations of nature which nothing but 
the ſharpeſt ken of the antelleiual ere e e 
r to detect and ſeize. 

As ſucceeding events which fall wide the cog- 
| * of our ſenſes cannot be diſtinguiſhed if 
they Wr oftener than about ten times in a /e- 

„it appears that when a particle of water 
acids in a quieſcent maſs of that fluid at the rate 
of 2 part of an inch only, in one ſecond, its 
fucceeding colliſions with the different particles, 
at reſt; of that fluid, againſt which it ſtrikes as 
it moves on, muſt be ſo inconceivably rapid that 
no leſs than one thouſand of them muſt actually 
take place, one after the other, in the ſhorteſt ſpace 
of time Wen is en by the human mind f. 

Alfter 


* This ben, in as * at hu as it relates to objects of 
Gght, may be proved by the following eaſy experiment: Let a 
heel, with any known number of ſpokes, be turned round its axis 


with ſuch a velocity as ſhall be found neceſſary, in order that the ' 


ſpokes may diſappear or become inviſible.—From the velocity of the 
5 and the number cf ſpokes in it, the fact will be decided. 

©. + It probably will not efcape the obſervation of my learned read- 
ers, that the velocity which I have here aſſigned to the ſingle particle 
of water, moving upwards i in that fluid in conſequence of a change 
of its ſpecific gravity by Heat, though apparently very ſmall, 
(++ part of an inch in a ſecond)—js, however, moſt probably con- 
fiderably greater, in fac, than any individual ſolicary particle of that 
fluid could poſſibly acquire, in the ſuppoſed circumſtances, by any 
change of temperature, however great, owing to the reſiſtance which 


21 6 would 
W 14 + . 


W 


a» FF. Aa AY 


— / %% 2% ax 2 


8 kd . - _ ; 
tn in Fluids. JT 
n a 


After we have patiently examined the reſult of 
theſe inveſtigations, and the imagination has be» 
come familiarized with the contemplation: of the 
intereſting facts they preſent to it, how much will 
our ideas be changed with regard to the real ſtate 
of fluids apparently at reſt! They will then ap- 
pear to us to be, what no doubt they really are in 
fact, an aſſemblage of an infinite number of infi- 
nitely ſmall particles of matter moving continually, 


or, without ceaſing, and with inconceivable, velo- 


cities. 

We ſhall then. canfder; fluidity an the i of is 
animate bodies, and congelation as the /leep of death; 
—and we ſhall ceaſe to aſcribe active powers, or 
exertions of any kind, to dead motionleſs matter. 

But what ſhall we think of the vital principle in 


on the internal motions in their fluids, occaſioned 
by an wnequa/ diſtribution of heat? — And is not 


would neceſſarily be oppoſed to its motion by the quieſcent particles 
of the fluid, Aware of this obhjectionz and being deſirous of being 
prepared to meet it, I took ſome pains to compute, by the rules laid 
down by Sir Isaac NEWTON in his Principia, book ii, ſeR; vii., 
what the greateſt velocity is that a ſolitary particle of water (ſuppoſed 
to be rde of an inch in diameter) could poſſibly acquire by a 
given change of its ſpecific gravity: And I found that if the ſpecific 


gravity of water at the temperature of 32% F. be taken at 1.00082, and 


its ſpecific gravity at 800, at 0.997 59, as lately determined by accu- 
rate experiments, then, a ſingle particle of water at the temperature 
of $09, ſituated in a quieſcent maſs of that fluid at 32®, the greateſt 
velocity this hot particle could acquire in, moving upwards i in conſe= 
quence of its comparative levity would be that of 28 part of an 
inch in 1 ſecond. This is at the rate of about one inch and an half 
in x hour,-But it is evident, that when great numbers of particles 


unite and form currents, they will make their way through the qui- 


eſcent fluid with greater facility, and conſequently will move faſter. 
ftimulation, 


living animals? Does not their life alſo. depend 


— ie Prpaghiim of Heat 


iimulation, in all caſes; the mere mechanical eſe 
of the communication of Heat ? 

It is an opinion which we know te de onk as 
the days of Moses, that-rhe life of an animal refides 
in iti blood ;" and it is highly probable that it dates 
from a period ſtil more remote. It was lately re- 
vived by an anatomiſt and phyſiologiſt, (now no 
more,) who was eminently diſtinguiſhed for ſaga- 
city; and it appears to me that the late diſcoveries 
reſpecting the manner in which Heat is propagated 
in Fluids tend greatly to elucidate the ſubject, and 
to give to the eee a high degres of proba- 

| m 

According to this hypotheſis (as it may now be 
explained) every thing that increaſes the inegua- 
ty of the diftribution of the Heat in the maſs of 
the blood—(even though it ſhould not immedi. 
ately augment its quantity) —ought to increaſe the 
intenſity of thoſe aions in which life conſiſts. But 

are there not many ſtriking provis that this is the 
= in fact? 

Do not reſpiration, —dige/tion,—and ihſenfible 
perſpiration all tend evidently—(that is to ſay, ac- 
cording to our, aſſumed principles, with regard to 
the manner in which Heat is propagated in Fluids) 
to produce, and to perpetuate this inequality of 
heat in the animal fluids? And do we not ſee 

what an immediate and powerful effect they have 
: in . increaſing the intenſity of the action of the 
powers of life? 

If animal life depends eſſentially on thoſe in. 
ternal motions in the animal fluids, —which, ag 
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bas been fhown,—ate occafohed By the differ. 


ence of the eehte gravitier of thar integrant par- 
ticles, or molecules, ariſing front their differeſt tetti- 
peratures ; in that cafe, it is evident that the 
vital powers would be ſtrengthened, or their action 
increaſed, either by heat or by cold properly applied: 
But is not fliis found to de the caſe in i rr 
Does not the dram of brandy at St. Peterſburgh 
produce the ſame effects as the draught of iced" lu. 
nonade at Naples, and by the fame mechanical p 

ration, but acting in oppoſite directions? Ane 


dbes Bot the J, of Heat, by inſenfible 5 5 
contribute as efficaciouſly” to the preſervation of | 


that inequality of temperature. which is eſſential to 

ke, as the introdetion of Heat into the ſyſtem in 
n 2 

Is not the ſüdden coagulation of blood,” wha 


drawn from a living animal, and are- not all the 
other rapid chatiges that take place in it, evident 


proofs of an unequal diſtribution of Heat? And 
bees not the oft of blood, ab well as its perpe- 
' tual motions in the vaſcular ſyſtem, contribute 


hes. ae i Son army a 
quality? 


Ars noc the lid Pots on the' fuifars of ah 
body, which indicate a beginning of mortification, 


produced in conſequence of a ſeparation, or pre- 
 cipitation of the heterogeneous particles of the 


animal Fluids, according to their ſpecific gravities 
and individual temperatures, occaſioned by reſt, 


or an interruption of circulation? And may we 


not emphatically pronounce ſuch Fluids to be 
dead? 
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Woyuld not any liquid in which Heat were 
equally diftributed be a fatal poiſon if injected 
into the veins of a living animal? And would 
not this be the caſe even were the liquid ſo in- 
jected à portion of the animal's own blood, or of 
the lymph or any other of its component parts, 
and were it at the mean temperature preciſely of 
the healthy Fluids circulating i in the veins and arte- 
ties of the animal? 

I. not glandular ſecretion a true precipitation ? 


| and. is it not poſſible that the formation of the 


ſolids, and the growth of;an animal body, may be 
effected by a proceſs exactly ſimilar to conge- 
lation? And are there not even circumſtances 
from which we might conclude, with a conſider- 
able degree of probability, that moſt of theſe con- 
gelations are formed at or about the temperature 

of boiling water | : 
| But I forbear to enlarge on this ſubjef.. I find 1 

have unawares entered a province, where, if I ad- 
vance farther, I ſhall certainly be expoſed to the 


danger of being conſidered and treated as an in- 


truder; and I muſt haſten to make my retreat, 
which I ſhall endeavour to effect by Oy 
putting an end to this Chapter. | 
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Probabili that intenſe Heat frequenth exiſts in the 
| ſolitary Particles of Fluids, which neither the 
Feeling nor the Thermometer can detect. — The Eva- 
poration of Ice during the ſevereſt Froſt explained 
on that Suppoſition.—- Probability that the Metals - 
 ewould evaporate when expoſed to the Action of the 
Sun's Rays were they not good Conduttors of Heat. 
© —Merecury is actually found to evaporate under 
the mean Temperature of the Atmoſphere.—-This | 
Tat is a ftriking Proof that FLulp Mercury | 
4 Non-condudtor of Heat. — Probability that the 
Heat generated by the Rays of Light is akvays 
* the ſame in Intenſity ; and that thoſe Effect: which 
Have been attributed to Light ought perhaps in 
all Cafes to be aſcribed to the Action of the Heat 
generated by them—A ſtriking Proof that the ' 
moſt intenſe Heat does ſometimes exiſt where we 
ſhould not erpect to find it. —Gold actually melted 
by the Heat which exiſts in the Air of the Atmo- | 
© ſphere, where there is no Appearance of Fire, or = 
"of any Thing red. bot. Me ought to be cautious 
in attributing to the Action of unknown Powers, 
Effetts fimilar to thaſe produced by the Agency of | 
Heat.—The moſt intenſe” Heat may exiſt without 
leaving any vifible Traces of its Exiſtence bebind ii 
it.— Thit important Fact illuſtr the necęſ- 
ſary Refult of an imaginary reed oa 


He far the poſſibility of the communication of 2 
Heat nn the integrant particles of a Fluid _ * 
BB 2 . may | 


\ 
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may or may not be owing to the extreme mobi- 
lity of thoſe particles, and to the infinitely ſhort 
time that two of them, of different ſpecific gravi- 

ties, (owing to a difference of temperature) can 
remain in contact, I leave others to determine; p 
the mean time, it is moſt certain that the exiſtence 


af this impoſſibility of any immediate communica- | 


tionof Heat among the 1 of a Fluid renders 


the diſtribution of Heat very unequal; and it 


ſeems highly probable that many appearances 


which ave been attributed to very different cauſes, 


are in fact owing to intenſe Heat exiſting, and pro- 
ducing the effects proper to it in ſituations where 
its exiſtence has not even been ſuſpected. | 

I Fluids are non- conductors of Heat, no fitu- 
ation can poſſibly be more favourable to its pre- 
ſervation than when it exiſts in them; and it is 
not only evident 4 priori that the moſt intenſe 
Heat may exi/t in a few, ſolitary. particles of ſome 


8 Fluids, without its being poſſible for us to detect 


it, or to diſcover the fact, either by our feeling, or 


by the thermometer; but there are many ap- 
pearances that ffrongly indicate,—and-others that 


prove, that intenſe. Heat actually does exiſt in that 

concealed or imperceptible ſtate very often. 
There, i is no reaſon to ſuppoſe that it is poſlible 
far i ice to be reduced to ſteam without being pre- 
viouſly melted ; and it is well known that ice can- 
not be melted with a lower degree of Heat than 
that of 32* of Fahrenheit's ſcale : but in the midſt 
of winter, in the coldeſt climates, and when the 
temperature of air. of the atmoſphere, as: * 
13 F a * 


in NH, . 307 


the PONY has been wk below 32, 
ice, expoſed to the air, has been found to fr 
rate. 

How can we account for this event, except i it be 
by ſuppoſing that ſome of the particles "of air, which 
accidentally (as we expreſs it). come into contact 
with the ice, are ſo hot, as not only to melt the 
ſmall particles of ice which they happen to touch, | 
but alſo to reduce a part of the generated water to 
ſteam, before it has time to freeze again; or by 
ſuppoſing that this is effected by intenſe Heat g | 
rated by light abſorbed by ſmall projecting points 
of the ice? As ice is a very bad conductor of Heat, 
that circumſtance renders it more likely that te 
event in queſtion ſhould actually take place, in 
either of theſe ways. 

If the metals were very bad conduRtors of Heat, 
inſtead of being very good conductors of it, I 
think it more than probable that eyen they would 
be found to evaporate, when expoſed to the action 
of the direct rays of the ſun; and perhaps alſo in 
ſituations in which ſuch an event would appear yy 
more extraordinary, 

Mrcgcury has been aQtually found to evaporate 
under the mean temperature of the atmoſphere !— 
What a ſtriking proof is this that fluid mercury is a 
non · oonductor of Heat ;—and alſo, that very ; 
Heat may be generated, or exiſt, where it would | 
not naturally be expected to be found: And does 
not the evaporation of water under the mean tem . 
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perature of the atmoſphere _— another proof of 


this laſt fact? 

That the moſt intenſe Heat is often excited in 
very ſmall particles of ſolid bodies diſperſed about 
in the midſt, of maſſes of cold liquids is not to be 
doubted. It is well known what an intenſe Heat 
the rays of the ſun are capable of exciting ; and it 
| ſeems to be highly probable that Heat actually ex- 
cited by them is always the ſame—that is to ſay— 
intenſe i in the extreme : but when the rays are few, 
and when circumſtances are not favourable tq the 
accumulation of the Heat they generate, it is often ſo 
ſoon diſperſed, that it eſcapes the cognizance. of our 
ſenſes, and of our: inſtruments; and ſometimes 
leaves no viſible traces of its exiſtence behind it. 

Why ſhould we not ſuppoſe that the Heat gene- 
rated by a ray of light, which, entering a maſs of 

cold water, accidentally meets with an infinitely 

| ſmall particle of any ſolid and opaque ſubſtance 
which happens to be floating in the liquid, and is 
| abſorbed by it, is not juſt as intenſe as that gene- 
rated in the focus of the moſt powerful burning 
mirror, or lens ? 

Mr. Senebier has given 1 us an account of a great 
number of intereſting Experiments on the effects 
produced on different bodies by expoſure to the 
direct rays of the ſun; but why may we not attri- 
bute all thoſe effects to the intenſe local Heat, gene- 
rated by the light abſorbed by the infinitely ſmall— 


and, if : my. uſe the | expreſſion—inſulated particles | 
of 


"of 


pe K 


e 


| 
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of the bodies which nnd to be 3 
, 
The ſurface of 8930 of various kinds was tuns 
brown. The ſame appearances might be produced 
in a ſhorter time by the rays which proceed from a 
red-hot iron, which change the ſurface of the wood 
to an imperfect coal. But were not the ſurfaces 
of the woods which were turned brown by the 
light of the ſun in Mr. Senebier's experiments 
changed to an imperfect coal? And is it poſſible 
for a Heat leſs intenſe than that of incandeſcence to 
produce that effect? | 
Among the many faQs that might be adduced 
to prove that the moſt intenſe Heat may, and fre- 
quently does exiſt where we ſhould not expect to 
find it, the following appears to me to be very 
ſtriking and convincing. It is, I believe, generally 
imagined that the intenſity of the Heat generated 
in the combuſtion of. fuel is much leſs in a ſmall 
fire, than in a great one; but there is reaſon to 
think that this is an erroneous opinion, founded on 
appearances that are not concluſive ; at leaſt it is 
certain that the intenſe Heat of a large fmelting 
furnace, ſuch as is neceſſary for melting the moſt 
refractory metals, actually exiſts in the feeble flame 
of the ſmalleſt candle :—and what may appear ſtill 
more extraordinary, — this intenſe degree of Heat 
often exiſts in the air of the atmoſphere, where ns 
, Jes of Heat appear, as I ſhall Jonny 


1 — is fully red-hot by day light at the tempera” 
ture of about 1000® of Fahrenheit's ſcale ; braſs 
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melts at 3807* copper at 4.587% mlilver at 


4717%,—and gold at 5237*; and nothing is more 


certain than that the Heat muſt be at that intenſity 
which 2 to the 52 a _— of —— 


ww > + - 


uſed to cover thread to make BY mak 3 


neouſly on being held in the flame of a candle. * 
will even be melted if it be held a few ſeconds over | 


the flame of a candle, at the diſtance of more than an 
inch from the tap of the flame, in a place where there 
is no appearance of fire, or of any thing red-hot. - 

From the important information which we ac- 
qire from the reſult of theſe — we ſed 


E * a SC a> _- 


matter. of any kind that may be ſeattergd about i in 
a given ſpace,—or which may float in any Fluid, 
where neither dur feeling nor our thermometers 
can poſſibly be ſenſibly alſected by it. 
A thermometer can do no more than indicate the 
meant of the different temperatures of all thoſe badies or 
particles of matter which happen to come into contact 
with it. If it be ſuſpended in air, it will indicate the 
mean of the temperatures of thoſe particles of air 
which happen to touch it ; but it can never give us 
any information reſpecting the relative te 
| al thids patties ol ai LN 
If, during the moſt intenſe froſt, a thermometer 
wine HE in the e of a burning 


candle. 


3 9 2 d.. * . 3 1 
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| candle,—in the ame room for inſtance;—if it were 
placed over the candle, or nearly ſo, though i it ſhould 
be diſtant from it ſeveral feet, as air is a non-con- 
ductor of Heat, there is not the ſmalleſt doubt but 

that ſome ſolitary particles of air heated bythe candle 
to the intenſe Heat of melting gold, would .reach 
the thermometer ; but neither the thermometer, 
nor the hand held in the ſame place, could give any 
indication of ſuch an event. | 

As it appears from all that has been ſaid that i in- 
tenſe Heat may exiſt even under the form of ſenſible 
Heat, where its preſence cannot be diſcovered .gx 
detected by us; and as it ſeems highly probable 
that in many caſes, where its exiſtence may eſcape | 
our obſervation, it may nevertheleſs be capable of 
producing very viſible effects, I think we ought al- 
ways to be much on our guard in accounting for 
effects ſimilar to thoſe which are known to be pro- 
duced by Heat; and never, without very ſufficient 
reaſons, attribute them to the agency of any other, 
unkngwn power : and this caution appears to me 10 
be peculiarly neceſſary in accounting for tholg ef 
fects which have been found to be produced in var 
rious bodies when they are expoſed to the action ＋ 
the ſun's rays. 

If the ſolar rays concentrated in the focus. of 2 
lens, when they are made to fall on a piece of 
wood, inſtantly change its ſurface to a black colour, 
and reduce it to charcoal, why may we not con- 
clude that the change of colour which is gradually 
or more IO produced i in the ſame kind of wood, 

when 


a; 
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when it is ſimply expoſed in the ſun-beams, is pro- 


tuced i in the ſame manner? 
The difference in the times neceſſary to produce 
Gmilar effects in theſe two caſes is no proof that 


they are not produced in the ſame manner; for if 


they are effected merely by the agency of Heat, 
(which I ſuppoſe) then the effects produced in any 
given' time will not be as the denſity of the light, 


or as the number of rays, but as that part of the 


Heat generated, which, not being immediately diſ- 
perſed or carried off by the air, has time to pro- 
duce the action proper to it in the wood; and con- 
ſequently muſt be incomparably greater, in propor- 
tion, when the rays are . than when 
they are not. 

Luna cornea expoſed to the action of light 
changes colour; but why ſhould we not attribute 
this change to the expulſion of the oxygen united 
with the metal, by the agency of the Heat generated 
by the light? To remove every poſſible objection 
to this explanation of the phenomenon nothing 


more appears to be neceſſary than to admit, what 


is well known, that this metallic oxyd may be re- 


duced, without addition, with ſome degree of Heat, 


—and that this ſubſtance is a bad groomed of 


Heat. 


Will' not the admiſſion of our hypotheſis re- 
ſpecting the inten/ity of the Heat which is ſuppoſed 
to be generated where light is ſtopped, and of that 
reſpecting the non- conducting power of Fluids 


m_ Og". to Heat, enable us to account, in a 
| manner 


e „ „ ms th tes 
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manner more ſatisfactory than has hitherto been 
done, for the effects of th the ſun's light in bleaching 
linen, when it is expoſed wet to the action of his 
direct rays? as alſo for the reduction of thoſe me- 
tallic oxyds which have been found to be revived 
by expofure to light ?—And will i it not alſo aſſiſt us 
in accounting for the production of pure air in the 
beautiful Experiment of Doctor Ingenhouz, in 
which the green leaves of living vegetables are ex- 

poſed, immerſed in water, to the ſun's rays? _ 

Mr. Senebier has ſhown that the colouring matter 
of healthy green leaves of vegetables, which is ex- 
trated from them by ſpirits of wine, and which 
tinges the ſpirits of a beautiful green colour, is 
deſtroyed, or rather changed to a dirty brown co- 
lour, in a few minutes, on expoſing this tincture 
in a tranſparent phial, and in contact with pure air, 
to the direct rays of a bright ſun :—but why ſhould 
we not conſider this proceſs as a real combuſtion ? 

The Heat acquired by the liquid, — which, as I 
haye often perceived in repeating the Experiment, 
is very conſiderable, —and the neceſſity there is for 
the preſence of pure air, that the Experiment may 
| ſucceed, ſeem to indicate that ſomething very like 
combuſtion muſt take place in it. 

If liquids are non- conductors of Heat, they ought 
certainly, on that account, to be peculiarly well cal- 
culated for confining, and conſequently furthering 
the operations of that Heat which is generated by 
light, or by any other means, in their integrant par- 
ticles, of in the infinitely ſmall and inſulated par- 

ticles 
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ticles of other bodies that are diſperſed about, or 
held in ſolution in them ; as I have already more 
than once had occaſion to obſerve. | 

If this ſuppoſition be admitted, a very great diffi- 
culty will be remoyed in accounting for chemical 
ſolution on the hypotheſis that the change of form 
from a ſolid to a fluid ſtate is in all caſes a real fu- 
ſion ; or that it is effected by the ſole agency of 
Heat; and that concretion, or cryſtallization, is 
a proceſs in all reſpects perfectly analogous to 
freezing. 

There are but three forms under which ſenſible 
bodies are found to exiſt ; ;—namely, that of 3 
ſolid—that of a  fluid—and that of an elaſtic fluid, 
or gas; and it is well known that every ſubſtance 
with which we are acquainted — all ponderable mat- 
ter without exception,—is capable of exiſting alter- 
nately under all thoſe forms indifferently ; and that 
the form under which it appears at any given time 
depends on its temperature at that time. 


We know farther that every identical 1 | 


undergoes theſe different changes of form at certain 
fixed - temperatures: and when we conſider the 
fubje& with attention we ſhall find that, had not 
theſe temperatures been fixed—and had they not 
2, been different in different bodies, it would have 
been utterly impoſſible for us to have ene any 
fubſtance whatever. | 


Perhaps this is the oily eſſential difference that 


really exiſts among * that appear to us to be 
different. | 
| But 


* 
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But not on the degrees of Heat, or points in 
the ſcale of temperature, at which the forms of dif- 


ferent bodies are changed, are various; but the. 


extent of the variation of temperature under which a 
ſubſtance can perſevere, or continue to maintain its 
form in its middle fate—that of fluidity —or rather 
liquidity, —is very different in different bodies: and 
this laſt circumſtance has a wonderful effect in in- 
creaſing the variety of the compoſitions and decom- 
poſitions which are continually taking place in the 


various operations of nature on | the ſurface of the | 


globe. 


is the union which takes place between bodies of 
di ferent kinds ; and thoſe moſt important changes 
in regard to the degrees of Heat which the bodies 
ſo united can ſupport without having their forms 
changed, which are found to reſult from ſuch 


union. 


When, to the eſtabliſhed laws which have been 


diſcovered in the operations of nature in the change 


of form in ſubſtances that appear to us to be /emple, 
we add thoſe which have been found to obtain in 


the changes of form of bodies that are known to be 
compounded, we ſhall perhaps be able to conceive 
ſome more diſtin ideas with regard to the nature 
of thoſe. mechanical operations which take place in 
chemical proceſſes.— I call them mechanical. for 
mechanical they muſt of neceſſity be, according to 
the moſt rigid interpretation of that expreſſion. 

But the hypotheſis of the exiſtence of intenſe 


Heat in the midſt of cold liquids is ſo new, and 
ſeems 


Another circumſtance, not leſs prolific in events, 
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ſeems to be ſo. contrary to the reſult of all our ex- 
perience and obſervation, that I feel it to be neceſ- 
fary to take ſome pains to illuſtrate the matter. 
Aud firſt, we muſt not expect always to find 

traces remaining of the exiſtence of intenſe Heat, 
even where there are the ſtrongeſt reaſons to think 
« has actually exiſted ; for as often as Heat is dif. 
perſed, or carried off, befor] it has had time to pro- 
duce any changes of form, or chemical changes or 
combinations in the bodies to which it is commu- 
nicated, it leaves no marks behind it. 
Fire- arms are often found to miſs fire, even when 

many live ſparks from the flint and ſteel actually 
fall into the pan among the priming ; but nobody, 

furely, will pretend that the ſmall particles of red- 
bet iron which fall among the grains of the gun- 
powder, and cool in contact with them, are not in- 
tenſely hot ;—incomparably more ſo than would be 
neceſſary to inflame the powder were their Heat of 
ſfficient duration to produce that effect. Had theſe 
ſmall ſparks been inviſible, it is highly probable that 
their exiſtence would never have been ſuſpected, 
and that the fact which they prove would not have 


5 been believed. 


That gunpowder may be inflamed, it is neceſſary 
that the ſulphur which conſtitutes one of its compo- 
nent parts ſhould be firſt melted, and then boiled; 

for it is the vapour of boiling ſulphur which always 
takes fire when gunpowder is kindled. - _ 

Were melted ſulphur a conductor of Heat, there 
| is reaſon to think that gunpowder would be very 

1285 far from being ſo inflammable as we find it to be. 
As 
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. As. thoſe. who have not been * accuſtomed 
to meditate on the ſubject under conſideration may 
find ſome difficulty in conceiving how it is poſſible 
for intenſe Heat to be excited in, or to exiſt i in the 


midſt of a maſs of any cold liquid, as of water for 
inſtance, without immediately producing viſible ef- ? 


fects, I feel it to be my duty to put that matter in 
the cleareſt light poſſible, and to ſhow that what I 


have conſidered as being probable is moſt undoubt - 
| edly very far from being impoſſible. 


The beſt method of proceeding in inquiries of 


this kind, where the principal object is to diſcover | 


whether a ſuppoſed event, which, from its nature, 
cannot fall under the cognizance of our ſenſes, is, 

or is not poſſible, ſeems to me to be, to begin by 
ſuppoſing the event to have actually taken place, 
and then to trace its neceſſary conſequences, and 
compare them with thoſe appearances which are 
actually found to take place. 


Adopting this method, we will ſuppoſe a quantity | 


of pure water, at the mean temperature, of the at- 
moſphere in England, that of 55 F., to be put into 
g clean and very tranſparent glaſs tumbler, placed 
in a window and expoſed to the direct rays of the 
ſun, If the glaſs and the water are both perfectly 


| tranſparent, it is evident that no Heat will be gene- 


rated in either of them by the ſun's light. 
If now a ſmall particle of any opaque ſolid body 
be ſuſpended i in the midſt of the water in the tum- 


bler; thoſe rays of light, which, impinging. againſt 


it, are * by it, muſt — generate 
Heat 


- TT  —— — — — ———— — 
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I order to fehler this randy: Expbitindii 
more intereſting; we will ſuppoſe, the ſolid body put 


into the water to be a fmall partick of yellow am- 


ber; ard thar its ſpecific gravity is fo exaQly equal 
to that of the water that it has no tendenty to move 


mn it, eitlier upwards or downwards, and conſec 
will remain in the fituation were it is placed, with- 
out being fuſpended; and we wiil fuppoſe farther, 


that this ” particle of amber is nearly globular, 
aid ,*,. of an inch in diameter, which i Juft equal 
to the diameter of a fingle-thread of ſilk, as ſpun by 
the worm; and is probably one of the ſmalleſt ob- 


5 deu that perceprible by thie humun eye, unafliſted 


by art. 
At it is evident that Heat muſt be gelben, or 
excited, in this ſmall particle of amber, By the light 
it ſtops or abſorbs, the points which remain to be 


difcuſſed are, therefore, what 7s intenfity'\ is at the 
£5 moment of its exiſtence? and what are the effects 


white it ought to produce in conſetſuenee of that 


intenflry?” 


"Ph real Have erh bbw riete# whih 
render it probadle that when Heat is generated by 
the rays of light its intenſity, where it is generated— 


aud before ir has been diminiſhed in conſequence 

df its diſperſion, is always the” ſame : and taking 
Ir for granted that this is the caſe in fact, we will 

75 endeavour to trace the of that Heat. 


extreme 
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| etreme in its intenſity; or kette bur fall in re 
gard to its quantity, or to the ſpace it occupies,— 
which is generated in ea pon wor age Irene 
t under conſideration. / = 

As this Heat muſt firſt exiſt where it is gene» 
rated, it is evident that it muſt exiſt at the ſurface 
of the particle of amber; and as all ſolid bodies 
are, in à greater or leſs degree, conductors of Heat, 
a part of this Heat will penetrate the ſubſtance of 
the ſolid particle, while another part of it will be 
carried off by the cold particles of water in contact 


with the ſurface thus heated by the light. 


It remains therefore to be determined what the 
effects are which this Heat ſo abſorbed, on the one 
hand, by the ſolid particle of amber, and commu- 
nicated to the water on the other, ought neceſſarily 
to produce. And -firſt, if the diſperſion of the 
Heat by both theſe means ſhould be ſufficiently 
rapid to prevent its accumulation to ſuch a degree 
as to melt the amber, it is evident that no viſible 
effects by which its exiſtence could be diſcovered 
would be produced in that ſubſtance ; and this 
event—(the fuſion of the amber)—will m on 
three circumſtances; namely, Firſt, on the tempe- 
rature at which amber melts z—Secondly, on the 
facility with which Heat expands and is diſperſed 
in a ſolid maſs of that ſubſtance, or on its conduct. 
ing power z—and Thirdly, on the rapidity with 
which the Heat generated at the ſurface of the 
amber is carried off by the cold Fluid in which it is 
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Though I do not think there would be any rea- 
ſon for ſurpriſe, even admitting the exiſtence of the 
ſuppoſed intenſe Heat, ſhould the amber be found 
not to be melted under the circumſtances deſcribed; 
yet, it appears to me to be extremely probable, 
that, if amber, in a very fine powder, were mixed 

ith any tranſparent oil, capable of ſupporting a 

reat degree of Heat without being reduced to va- 
pour, and expoſed in it to the direct rays of a very 
bright ſun, the amber would melt, and be diſſolved; 
though perhaps very ſlowl7. 
But if amber does not melt when expoſed in wa- 
ter to the action of the ſun's beams, and conſe- 
quently ſuffers no viſible change by which the ex- 


iſtence of the Heat ſuppoſed to be generated at its. 


ſurface by the light can be detected, ought not this 


Heat, were it in fact as intenſe as it is ſuppoſed to 


be, to produce ſome viſible effects in the water, by 


which its exiſtence would neceſſarily be diſcovered? 


To reſolve this doubt, we muſt inquire what vi- 
ſible effects it would be poſſible for the Heat in 
queſtion to produce in the water. Now if we ſup- 
poſe the water not to be decompoſed by this Heat, 
which, as no chemical change is ſuppoſed to take 


place in the amber, cannot happen, the only effect 
this Heat can poſſibly produce on the water is an 


increaſe of its temperature, which increaſe muſt, 


however, be much too ſmall to be detected, either 


by the feeling, or by the thermometer. 


It might perhaps be expected that ſeam would 
be ANG at the heated ſurface of the particle of 
amber, 


— 


— 
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amber, and become viſible; but when we conſider 
the matter for a moment, we ſhall ſee that it is 
quite impoſſible that ſuch an event ſhould happen; 
for even on the ſuppoſition (which however is far 
from being probable)—that the ſame individual 
particles of water which come into contact with the 
hot ſurface of the amber ſhould remain in contact 
with it till their temperatures ſhould gradually be 
raiſed to that point at which water is changed to 
ſteam; yet, from the extreme rapidity with which 
ſteam condenſes when in contact with cold water, 
it is evident that it could not exiſt an inſtant under 
the circumſtances here ſuppoſed. Indeed we have 
direct proofs that ſteam cannot exiſt under ſuch cir- 
cumſtances, by what is found to happen when large 
maſſes of iron, or ſteel, raiſed to a moſt intenſe 
heat, in a blaſt furnace, are ſuddenly plunged into 
cold water, by ſmiths, in tempering edge-tools ; for 
theſe maſſes of red-hot metal may be diſtinctly ſeen 
to be in actual contact with the cold water; and did 
not a part of the water, which is decompoſed by the 
hot i iron, make its eſcape in the form of inflamma- 
ble air, it is not probable that there would be any 
viſible appearance from which the formation of 
ſteam could be ſuſpected. 

Hence we ſee the poſſibility of the exiſtence of 
intenſe Heat in the midſt of a maſs of cold water, 
or of any other tranſparent liquid, without pro- 
ducing any viſible effects; or leaving behind it any 
traces by which its exiſtence could be ſuſpected. 

Let us now conſider a caſe in which this intenſe 

Heat, * perfectly imperceptible on account 
| des of 
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of the extreme minuteneſs of the particles of mat- 


ter in which it exiſts, is capable nevertheleſs of pro- | 


ducing yery viſible effects. Let us ſuppoſe a ſolu- 
tion of nitro-muriate of gold, in water, to be ex- 
ao to the action of the ſun's rays. If this ſo- 

tion were perfedtly tranſparent, no Heat could 
poſſibly be generated in it by light; but as it is not 
% Heat, in the higheſt degree of intenſity, muſt 
neceſſarily be generated by thoſe opaque particles 
(of the oxyd of gold) by which it is ſtopped. Now 
as gold is a very heavy ſubſtance, it is evident 


that it muſt be reduced to extremely ſmall parti. 


cles in order that, when changed to an oxyd by 
its union with oxygen, it may be diſſolved in and 
continue ſuſpended in water; and it is clear that 
the ſmaller any inſulated particle of matter is, at 
the ſurface of which Heat is generated in conſe- 
uence of the abſorption of light, the more ſud- 
enly muſt the Heat ſo generated be diſperſed 
through the whole ſubſtance of the particle, and 


the more equally and more intenſely muſt that par- 


ticle be heated: from hence it appears evidently, 
that, if the particles of the oxyd diſperſed about in 
the water are but nail enough, the Heat generated 
in them by the ſun's rays will be ſufficient to ex- 
pel the oxygen united to the gold, and revive 
that metal, 

There is one very obvious. e ha wilt 
| doubtleſs be made to this concluſion, which, how- 
ever, may eaſily be removed. The} particle of the 
metallic oxyd which is ſuppoſed to be heated, is in 


contact with the water; how does it happen that 
in © a great 


YE GO s1i-pMs [os ww 


„ 


n H. 363 
2 great part of this Heat does not immediately paſs 


off into that cold Fluid? I might anſwer, becauſe 


both. water and ſteam are non- conductors of Heat; 
—and might adduce in ſupport of this reaſon the 
well known fact, that a drop of water dropped ori 
a piece of iron, heated to moſt intenſe white Heat, 
will remain ſome time on the iron without being 
evaporated, even conſiderably longer than if the 
iron were much leſs hot; — but a circumſtance 
attending the beautiful Experiment in which iron 


is burned in oxygen gas, affords a more direct 


proof of the fact in queſtion. 

As this Experiment i is commonly made, the iron, 
which is a piece of ſmall wire, a few inches long, 
is introduced into à bottle, with à narrow neck, 
which contains the oxygen gas; the wire being 
fixed in its place, by cauſing its upper end to paſs 


through a cork ſtopple, which is fitted to the mouth = 


of the bottle. The lower end of the wire is pointed; 
and it is ſet on fire by being firſt heated in the flame 
of a candle, and then plunged ſuddenly, while red- 
hot, into the bottle. The combuſtion begins the 
moment the end of the wire enters the oxygen gas; 
and/the metal continues to burn with the utmoſt 


violence, and with a copious emiſſion of intenſe 


white light, till the wire, or till all the gas is con- 
ſumed,-affording one of the moſt brilliant wal moſt 
intereſting ſights that can be i | 
The product of this combuſtion is the oxygena- E 
tion of the iron; and this metallic oxyd, in a ſtate 
of fuſion, and Kathe to the moſt intenſe white Hear, 
cc 3 | falls 
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falls to the bottom af the bottle in globules of dif. 


ferent ſizes, 

To protect the glaſs againſt theſe 1 of calx 
| of iron in fuſion, it is uſual to leave a quantity of 
cold water in the bottle, enough, for inſtance, to 
cover its bottom to the height of about an inch: 
but I have frequently ſeen numbers of theſe glo- 


bules, much ſmaller than peas, which have not only 


deſcended red-hot through the water; but have re- 
mained red-hot at the bottom of the bottle, ſur. 
rounded by the water, at leaſt two or three ſeconds; 
and actually melted the glaſs on which they repoſed, 
(and as far as I can recollect,) without producing 
the ſmalleſt appearance of ſteam, 

The water could not be decompoſed, for the iron 
was already ſaturated with oxygen. 

This Experiment will, I fancy, be conſidered as 


affording an indiſputable proof that intenſe Heat 
may exiſt, at leaſt for a ſhort time, in a ſmall par- 


cle of matter ſurrounded by a cold Fluid, 
39 Now, as it has been found by actual Experiment, 
that when a ſolution of nitro - muriate of gold in 


water is expoſed to the action of the ſun's rays, the 


gold is revived ; and as it is known that an oxyd of 
gold may be reduced in the dry way, without ad- 
dition, or merely by intenſe Heat, why ſhould we 
not conclude that it is merely by Heat that that 
metal is revived in the caſe under confideration,— 

and that the intenſity of the Heat by which this 


oxygenation is an is preciſely the ſame in both | 
Should 


caſes? 
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Should this ſuppoſition be admitted, we might, 
perhaps, venture to proceed one ſtep farther, and 
conſider the nature and progreſs of the mechanical 
operations which take place in diſoxygenation of 
metals, or their precipitation from à ſolution of 
their oxyds, when that operation is effected by means 
of Heat generated, not by light,. but by the con- 
tact or union of infinitely ſmall particles of bodies, 
different in kind, and diſpoſed to generate or to 
abſorb ſenſible Heat on coming together; which 
particles being diſperſed about in the liquid ſolution, 
and in the ſubſtance added to it to effect the preci- 
pitation, are by this mixture brought into contact. 

This would naturally lead us to an examination 
of the phenomena of ſolution, —and thoſe clearly 
underſtood would, no doubt, give us a diſtin& view 
of the mechanical operations by which thoſe ten- 
dencies to union are effected, which have been de- 
ſignated under the name elective attraftion. 

But how arduous an undertaking ! what intenſe 
ſtudy !—what efforts of the imagination would be 
neceſſary to trace out and form diſtin& ideas of 
ſuch a ſucceſſion of events, all perfectly impercep- 
tible by our organs, though aſſiſted by all the re- 
ſources of art ! | 

Senſible of my own weakneſs, I dare not proceed 
any farther.— Perhaps it will be thought that 1 
have. alr advanced much too far; but it is 
right that uld acknowledge fairly, that in the 
preſent caſe, the temerity I have ſhown has not 
been entirely without deſign. 

There are two ways in which philoſophers, as 
well as other men, may be excited to action, and 

CC 4 induced 
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induced to engage zealouſly in the inveſtigation of 
any curious ſubject of inquiry :—they may be en. 
ticed, —and they may be proveked. 

It will probaby not eſcape the penetration of my 
reader, that I have endeavoured to uſe both theſe ' 
methods. am well aware of the danger that at- 
tends the latter of them; but the paſſionate fond. 
neſs that I feel for the favourite objects of my pur- 
ſuits frequently hurries me on far · beyond the 
bounds which prudence would mark to circum- 
icribe my adventurous excurſions, 


whe” 5 
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CHAP. IV. 


An Account of a Variety of Miſcellaneous Experi- 
menis.— Thermometers with cylindrical Bulbs may 
be uſed to ſhow that Liquids are Non- conductors of. 
Heat.—lIce-cold Water may be heated and made to 

boil landing on Ice, —Remarkable Appearances at- 
tending the thawing of Ice, and the melting of Tal- 
low, and of Bees-Wax, by means of the radiant Heat 
projefted downwards bya red-hot Bullet. — Beautiful 
Cry/tals of Sea-Salt formed in Brine ſtanding on Mer- 
cury.— Olive Oil ſoon rendered colourleſs byExpoſure 
to the Air flanding on Brine.— An Attempt to cauſe 
radiant Heat from a red-hot Iron Bullet to deſcend 
in Oil. Account of an artificial Atmoſphere in 
which horizontal Currents were produced by Heat. 
— Conjettures reſpecting the proximate Cauſes of the 
Winds. | 
222 this Eflay i is already grown to a much 
larger ſize than I originally intended, and 
even larger than I could have wiſhed ;—(well' 
knowing how great an evil a great Book is gene- 

rally thought to be) -I could not bring it to 2 

concluſion without adding one Chapter more. In 

this Chapter the reader will find accounts of ſeveral 

Experiments, ſome of which he will probably con- 

ſider as not altogether unintereſting. To take up 

tabs his time as poſſible I ſhall be very brief 
| 15 f in 
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in theſe accounts, and in general ſhall leave the 
reader to draw his own concluſions from the re- 
ſults of the Experiments I ſhall deſcribe. 


8 I. An Account of — fonple E xperiments, which 


oro that Heat does not deſcend in Fluids. 


If a thermometer conſtrued with a king and 
narrow, naked cylindrical bulb,—(6 inches long, 
for inſtance, and 4 an inch in diameter,)—and 
filled with mercury, oil, ſpirits of wine, or any 


other Fluid proper for that purpoſe, with which it 


is required to make the Experiment in queſtion ; 
ſuch thermometer being at the temperature of the 


air in ſummer, or at any temperature above the 
point of freezing water, if the lower end, or half, 


of its bulb be plunged into a glaſs tumbler filled 
quite full to the brim' with. pounded ice and water, 
the beight of the Fluid in the tube of the inſtru- 
ment il ſhow that half the Fluid in the cylindri- 
cal bulb of the inſtrument is ice-cold, while the 
temperature of the other hall of it remains uns 
changed. bt 

- The reſult will be 2 * when, to prevent 
the communication of Heat from the air during 
the Experiment, that part of the bulb of the ther- 


mometer (the ſuperior half of it) which projects 
above the level of the top of the tumbler i is cover 


ed with a ſheath lined with ſoft fur. 


When more or leſs than half of the bulb of the 


thermometer is plunged into the ice and water, the 
| height of the liquid in the tube of the inſtrument 
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will ſhow that that part only of the Fluid in the 
| bulb is cooled which occupies the part of the bulb 
that is immerſed in the ice and water. 


6 2. kce-cold Water, flanding on Ice, may be heated and 
made.to boil without melting the Ice, contrary to an 
Opinion that has generally prevailed, 


Take a thin glaſs tube, 1 inch in diameter, and 
about 8 or 10 inches long, containing about two 
or three inches of water, and by plunging the end 
of the tube into a freezing mixture of pounded ice 
and ſea-falt cauſe the water in the tube to congeal : 
this being done, pour two or three inches of ice- 
cold water on the ice; and wrapping up about two 
inches of the lower end of the tube with a piece 
of flannel, and holding jt inclined at an angle of 
about 45* ; by that, part of it which is ſo covered, 
bring that part of the tube which is at the height 
of the ſurface of the Fluid-water to be juſt over 
the point of the flame of a burning candle, and 
diſtant from it about two or three inches. When 
the water in that part of the tube begins to boil, 
the tube may be advanced ſlowly over the flame of 
the candle; and if due care be taken to prevent a 
too ſudden application of the Heat, all the water 
in the tube to within one quarter of an inch of the 
ice may be brought into the moſt violent ebullition 
before the ice will begin to be melted, and at laſt 
will appear to boil even at the very ſurface of the 
ICC. | | | 5 4 
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. The radiant Heat from a l Jrok Bullet does 
not appear to be able to make its Way downwards 


. ogy liquid Water, nor Oy melted WII | 


na melted Wax. 


"oþ Experiment. —A very alt SOON G 
mometer, with a naked globular bulb, was laid 
down in an horizontal poſition on two ſmall pro- 
jections of wax, in the bottom of a ſhallow wooden 
diſh, in ſuch a manner that the engraved ſcale of 
the thermometer lying. uppermoſt, the height of 
the mercury in its tube could-be obſerved. This 
being done, I poured cold water into the diſ till it 
93 at the height of about ; of an inch above the 

of the thermometer, and then preſented to 
5 thermometer an iron bullet about 14 inches 
in diameter, red-hot, which I held (by means of a 


fit handle) directly over its bulb at the diſtance of 


about an inch. 

The thermometer 838 to take very litle 
notice of the vicinity of the red-hot iron. 

When its bulb was covered with oil the reſult 
of the Experiment was much the ſame; but when, 
it was expoſed naked, or uncovered by a liquid, to 
the rays from the hot iron, it appeared to acquire 
Heat very rapidly. But the two following Experi- 
ments were ſtill more deciſive and ſatisfactory. 

24 Experiment. A ſhallow earthen diſh, about 3 
inches deep and 12 inches in diameter at its brim, 
was filled with water, and being expoſed in a cold 
room in winter, the water was frozen, and formed 

a cake 
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a cake of ice at its ſurface, about an inch chick, 
Letting the diſh. remain in its place, in order that 
the ſurface of the ice might remain perfe&ly hori- 
zontal, (Which was neceſſary to the complete ſuc» 
ceſs of the Experiment, as will preſently be ſeen) 
I entered the room with a chafing-diſh filled with 
live coals, in the midſt of which was my iron bul- 
let, perfectly red-hot ; and taking out the bullet 
from among thoſe burning coals, I held it over the 
centre of this horizontal ſheet of ice, and e 
from it about +: + of an inch, 

The ice directly under the red-hot bullet was 
ſoon thawed; but the depth to which it was 
thawed was very inconſiderable: the water, hows 
ever, extended itſelf lowly from the centre towards 
the circumference, and at length a circular ſpot 2 
or 3 inches in diameter in the centre of the ſurface 
of the ice was covered with it, _— but to a 
very inconſiderable depth. 

This little ſpreading ſea appeared to prey on as | 
wall of ice by which it was ſurrounded an every 
fide. 

The cagiclcs l water in Se nh 
being rendered ſpecifically lighter on becoming 
ice-cold, they move upwards, and making way for 
other warmer particles to advance from below, 
cauſe currents in oppoſite directions to ſet between 
the centre (where the hot-iron remains) and the 
circumference.—As a current at the temperature 
of 4x*-muſt neceſſarily ſet downwards at the mid- 
dle of the circle, this current ſtriking againſt the 
middle of the excavation formed in the ice ought 

x to 
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do deepen it gradually in that part, though but flow 


ly,—and' this is what was actually found to be the 


caſe; for the bottom of this excavation was not 


perfeAy flat, but was deeper at and near its centre 


than at its fides. 

3d Experiment. When this Experiment was va- 
ried by uſing a flat cake of tallow inſtead of a cake 
of ice, a very extraordinary appearance indeed 
preſented" itſelf, which at firſt ſurpriſed me very 
much; but which I ſoon perceived was a new, and 
very ſtriking proof that Fluids are non-conduQtors 
of Heat. 


Lhe -bottom of the drenlar cavity in the 4 
of tallow which was occupied by that part of the 


tallow that had been melted in the Experiment, 
inſtead of being concave, as I had found that in 
the ice to be, —or flat, —as I expected to find 
this. was convex in the middle, or rather roſe up 
in the form of a protuberance, or very blunt point, 
the extremity of which reached almoſt to the ſur- 
face of the melted tallow! As the iron bullet was 
held as near as poſſible to the tallow, the end of 
this projection, which remained unmelted, was cer- 
tainly not more than c of an inch diſtant from 


this red-hot ball! Reflecting on the unexpected re- 


ſult of this Experiment I was much ſtruck, and not 
a little humiliated, with the proof it ſeemed to me 


to afford of the impoſſibility. of prediQing with 


certainty any event, however inevitable it may 
appear, which has not actually been ſeen to 
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Though I well knew how the Heat muſt be 
communicated under the given circumſtances, and 
could foretell with certainty the directions of the 
currents it muſt neceſſarily occafion in the melting 
tallow ; yet, the utmoſt efforts of my intellectual 
powers, exerciſed as they were by much meditation, 
were not ſufficient to enable me to foreſee that the 
point where leaſt Heat would be communicated was 
that preciſely which was neareſt to the red-hot bullet; 
and that a protuberance of unmelted tallow would 
be left in that place. 

Let thoſe be very cautious who ſpeculate on the 
ſuppoſed reſults of Experiments they ** _— 
made 

On repeating this Experiment, and varying it 67 | 
uſing a cake of fine bleached bees-wax, inſtead of 
tallow, the reſult was much the ſame : the protu- 
berance, however, in the middle of the circular 
cavity occupied by the melted wax, though per- 
fectly perceptible, was leſs conſiderable, in height, 
thus that's; he cake of tallow. | 


: 


54. Beautiful Cryſtals of Sea-Salt formed in Brine 
ſtanding on Mercury. 


A ſmall quantity of ſtrong brine, ſtanding on 
mercury in an open glaſs tumbler, having by ac- 
cident been left in a room in a retired part of the 
houſe, I obſerved at the end of about ſix months, 
that two beautiful cryſtals of ſalt, perfectly qua- 
drangular, had been formed in it, one of which 
was 4+ of an inch long, 43 of an inch wide, 
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and 2 of an inch in thickneſs ; and the other 44 of 
an inch long, 28 s of an inch wide, and Ts of an 
dat thick, | 

Did the Fluid meroury-on which dis brine re- 
poſed contribute ?—and how ?—to the regularity 


of the form, and the uncommon ſize of theſe 


ctyſtals?—And might not beautiful cryſtals of 
other falts be procure by fimjlar means? | 


$ 5. Olive, Oil rendered colourleſs by Expoſure to the 
Air amn on Brine. 


— 


A quantity of olive oil, about of an inch in 


depth, having by accident been left ſtanding in 
an open glaſs jar, about four inches in diameter, 
on about a quart of brine, moderately ſtrong, in 
a retired room, where the ſun's rays never enter ; 
at the end of about fix months I obſerved that 
the oil had become perfectly colourleſs, and ap- 
peared to me to be nearly. as tranſparent as the 
pureſt water. . On the approach of winter I found 
that this oil was much more liable to be congealed 
with cold than oil of the ſame kind which had 
60d near it many months in a rge glaſs bottle 
cloſed with a cork. 


| 8 6. An ankles ful Attempt to cauſe radiant Heat 
from à red-hot Iron Bullet to deſcend in Oil. 


Having poured a quantity of this colourleſs oil 
into a glaſs tumbler, and cauſed it to congeal 


throughout, I preſented to its upper ſurface a red- 
hot iron bullet, 14 inches in diameter, and held 
| | | | it 
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it quite eloſe to the oil, ſeveral minutes, till the 
bullet ceaſed to be red-hot. As the oil ſeemed 


rather to be merely thickened by the cold, and to 
have loſt its tranſparency in conſequence of the 


preſence of a number of opaque particles, which 


were everywhere diſperſed about in it, than to be 
congealed into a ſolid maſs, I thought that if it 
were poſſible for radiant Heat to deſcend in any 
Fluid it might perhaps be in this ; and if this ſhould 
happen, I was certain to make the diſcovery by 
the manner in which the oil recovered its tranſpa- 
rency; for ſhould radiant Heat deſcend, the form 
of the maſs of oil firſt reſtored to its tranſparency 
muſt neceſſarily have been hemiſpherical, or ſome 
ſection of a ſphere, or at leaſt of fome convex + 
figure : but the under part of that part of the oil 
which was reftared to its tranſparency in this Expe - 
riment was, to all appearance, as perfectly flat and 
horizontal as the upper ſurface of it, which proves 
that the Heat, by which the .congealed oil was 
thawed, was communicated to it, - not immedi- * 
ately by the red-hot bullet, - but mediately by 
means of the Heat abſorbed by or generated in the 
ſides of the tumbler. This Experiment appears 
to me to be important in many reſpects; but it 
would be foreign to my preſent purpoſe to engage 
in an inveſtigation of the ſubje& with neh it is 
moſt intimately connected. 

I cannot finiſh this Eſſay without giving my 
reader an account of one more Experiment, the 
reſult of which was not only quite unexpected, but 


uncommonly intereſting. | 
VOL, 11. | DD Happen- 
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Happening accidentally to place in'a window 
the little inſtrument I had contrived for rendering 
. viſible the internal motions which are occafioned 
in water when Heat is propagated in that Fluid “, 
as it was winter, and the room was warmed by 
a German ſtove, that fide of the inſtrument which 
happened to be neareſt the window being expoſed 
to a current of cold air, while the inſtrument re- 
ceived Heat continually on the other fide from the 
warmer air of the room, the liquid in the inſtru- 
ment was thrown into motions which never ceaſed, 
and afforded a very intereſting ſight. 

With a view merely to amuſe myſelf, and the 
friends who ſhould happen to call in to viſit me, 
and without the ſmalleſt expectation of making 
any new diſcoveries,.— I contrived, and cauſed to 
be executed, the inſtrument I am now about to 

deſcribe, which I thought could not fail to render 
"theſe motions perpetual, and exhibit _ in a 
ſtriking manner. 

A flat box was — of two equal panes, each 

13 inches high, and 104 inches wide, of fine 
ground glaſs, fitted into a ſquare frame of braſs 
in ſuch a manner, that theſe two panes (which are 

parallel to each other) are at the diſtance of 1 
inch from each other. In the middle of the top 
of this braſs frame there is a circular opening 
about 4 an inch in diameter, into which a project- 
ing cylindrical braſs tube, about half an inch in 

length, is ſoldered; and in the middle of the bot - 


For a deſcription of this inſtrument ſee Chapter II. of this Eſſay. 
a 7 _ tom 


— 


11 * . 9 2 — 4 J—_— 


in Fluids, 45) 


tin of the frame there is a ſimilar tube whicli 
projects downward. The firſt of theſe openings 
ſerves for introducing into the flat box the liquid 
with which it is filled; and the other for drawing 
it off; and they are both well cloſed with fit 
ſtopples of cork. | 

On both ſides of this braſs frame there ire 


deep grooves into which the panes of glaſs are 


fitted, and the box was made water-tight by luting 
the joinings of the glaſs with the frame with gla- 
ziers putty. On the outſide of the frame there 
are thin projections of ſheet braſs, by means of 
which the box was fixed in one of the ſaſhes of 4 
window in my room, where it occupied the place 
of a ap of glaſs, which was removed to make 
way for it. This window fronts the ſouth-eaſt, 
and conſgquently is expoſed to the ſun a great 
part of the day. 

Having provided a ſufficient quantity of the ſa- 
line ſolution, —(of the ſame kind as was uſed in 
conſtructing the inſtrument above mentioned, con- 
trived for rendering viſible the internal motions in 
Fluids) and having mixed with it a due propor- 
tion of pulverized yellow amber, I now filled the 
box half full with this mixture ; and as the air in 
the room was conſiderably warmer than that with- 
out, I expected that the motions in the liquid oc- 
caſioned by the paſſage of the Heat would immedi- 
ately commence. 

This actually happened ;—but how great was 
my ſurpriſe, when, inſtead of the vertical cur- 
rents I expected, I diſcovered horizontal currents, 
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running in oppoſite directions, one above an- 
other, —or regular wWIx PS, — which, ſpringing up 
in the different regions of this artificial atmoſphere, 
prevailed for a long time with the utmoſt regula- 
rity ;—while the ſmall particles of the amber col 
lecting themſelves together formed clouds of the 
moſt fantaſtic forms, which being carried. by the 


winds, rendered the ſcene perfectly faſcinating | - 
It would be impoſlible to deſcribe the avidity 


with which 1 gazed on theſe enchanting * 
ances. 


In the ſtate of enthuſiaſm I then was, it l | 


ſeemed to me that Nature had for a moment drawn 
back the veil with which ſhe hides from mortal 


eyes her moſt ſecret and moſt intereſting opera - 


tions ;—and that I now ſaw the machinery at work 


by which winds and ſtorms are Lage” # the at- 
moſphere ! | 


Nothing ſeemed to be wanting to | to complete this 


bentiching ſcene, and give it the air of perfect en - 


chantment, but that lightning, in miniature, ſhould 
burſt from theſe little clouds: and they were fre- 
quently ſo thickened up, and had ſo much the ap- 
pearance of preparing for a ſtorm, chat had that 
event actually taken place, it could hardly have 1 in- 
creaſed my wonder and ecſtaſy. 


There were ſeveral a -aeoi circumſtances at- 


tending this Experiment, which contributed to ren- 


der it more intereſting. The ſun, which happened | 


to be remarkably bright, ſhone full upon the win- 
dow where the apparatus was placed; and as the 
| moves in the frame i in which the plates of glaſs 
| were 
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were fixed were not deep, that part of this frame 
which formed the narrow bottom of the box being 
expoſed to the ſun's rays, a conſiderable quantity 
of Heat was generated by them in that place, 
as appeared by the motions of the particles of 
pulverized amber which lay on the bottom of 
the box, or thoſe which were brought there by 


the currents. 


When theſe particles, on being hebel by the 
ſun-beams, began to move, they firſt aroſe up 
nearly perpendicularly ; but before they had riſen | 
to any conſiderable height, they were carried away 
obliquely, and nearly in an horizontal direction, by 
the lower current, anſwering to the wind which, 
_— atmoſphere, prevaike at; the in the 


The pagpendiculr riſe of theſe particles from 
the bottom of the box, and the ſubſequent change 
of their direction, called to my remembrance an 
appearance very common in hot countries, which 
J recollected to have often ſeen, and by which 
1 had often been amuſed i in my youth : in very hot 
and dry weather, when the wind is ſtill and the 
ſun very powerful, the air which lies on the ground 
often appears in. the moſt violent agitation, reſem- 
bling that of a boiling liquid; which motion is moſt 
rapid at the ſurface of the earth, and appears to 
ceaſe at the height of five or ſix feet above the 
ground. 

Is not this violent agitation occaſioned by the 
conflict which takes place between the hot and the 


comparatively cold air moving vertically, and in 
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oppoſite directions, very near the ſurface of the 
ground? And are not the winds which prevail 
above, occaſioned by the efforts of whole rata of 
ar to aſcend or deſcend obliquely? ' _ 5 

The currents I obſerved to prevail in my arti. 
\ficial atmoſphere were never perfectly horizontal; 
and if my ſuſpicions. with reſpe& to the cauſe of 
the winds are well founded, neither can thoſe 
winds. be horizontal which prevail in the ſuperior 
regions of the atmoſphere of the earth, though 
_ may be very nearly ſo, | 

The greateſt velocity of the currents in the fa 
0 liquid in this Experiment was nearly two inches 
in a minute, but their motions were in general 
much flower, As the windows in the room in 
which this Experiment was made are double, (as 
are all thoſe both in ſummer and winter in the 
apartment I inhabit) and as the apparatus above 
deſcribed occupied the place of a pane of glaſs be. 
longing to the infide-window, it was in my power, by 
opening either the inſide- window or the outſide- 
- window, to cauſe the Heat on the two oppoſite ſides 
.of the box to be either equal or unequal at pleaſure; 
and by wariations which that arrangement enabled 
me to make in the Experiments I produced ſeveral 
intereſting appearances. 

There was one very ſtriking appearance indeed, 
which never failed to preſent itſelf regularly every 
day during the three weeks that the Experiment 

was continued. The clouds, after having been 


An end was pot to the Experiment by an accident; the box be- 
ing broken by the careleſſneſs of a ſeryant in ſhutting the window- 
"ſhutter. * | 
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driven about all day by'the different currents in 
the liquid, (of which there were ſometimes as many 

as fix or ſeven, running in oppoſite directions at 
the ſame time) never failed to colle& themſelves 
together in the evening, into large maſſes; ſome- 
times forming only one, and ſometimes two or 
three /trata at different heights, where they remain. 
ed, to all appearance perfectly bare. ue 
as night. 

There can be no queſtion with reſpe& to the 
proximate cauſe of this phænomenon; for it was 
undoubtedly owing to a diminution or total ceſfa. 
tion of the operation of that cauſe,—of thoſe 
cauſes,—or of ſome of them,—by which an ine- 
quality of temperature in the liquid was produced 
and continued ;—but it would be highly curious to 
inveſtigate the more remote cauſes of this appear- 
ance, and ſee how far light, or rather the abſence - 
of it, was concerned in producing it: but that 
diſcuſſion would lead me into a very abſtruſe 
inquiry, — that reſpecting radiant Heat, - which 
would take up more time than I am at preſent able 


to beſtow on it. Perhaps I may find leiſure and 


courage at ſome future period to attempt that 
moſt difficult inveſtigation. My reader will doubt- 
leſs have obſerved that I have hitherto taken pains 
to avoid it. 

I cannot take my leave of the Experiment I have 
been deſcribing without giving my reader a faithful 
account of every thing I can recollect reſpecting it; 


and particularly of one accidental circumſtance, _ 


which, it is poſſible, may have had ſome ſhare in 


producing 5 
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producing the intereſting apptarances which ſo 
powerfully attracted my attention. 

| The ſaline liquor and the pulverized amber were 
| mixed in a bottle, and-were not put into the flat 


box till after it had been fixed in the ſaſh or frame 


of the window; but when I came to pour this 
mixture into the box I found that 1 aa 
vided enough of it. To ſupply this defect, with- 
out the trouble of emptying the box, I added, at 
ſeveral different times, pure water, and a ſtrong ſo- 
lution of pot - aſh, in ſuch proportions as I knew to 
be proper to produce the ſpecific gravity required 
and then endeavoured to mix the whole as inti- 
mately as poſſible by agitating the liquor for ſome 
conſiderable time by means of a long and ſtrong 
quill, the end of which I thruſt down into the box 
through the hole by which the liquor was intro- 
duced. | 
Whether thoſe different portions of liquid were 
In fact intimately mingled by theſe means, I cannot 
poſitively determine. They certainly had every ap- 
pearance of being ſo ; for the amber was evidently 
well mixed, and very equally diſtributed in every 
part of the Fluid. But even ſhould we grant that 
the liquid remained divided in different Arata, ar- 


ranged according to the ſpecific gravities of the 


different portions of it that were poured into the 


| box ar different times, it does not appear to me 


that the reſult of the Experiment would be leſs in- 
tereſting on that account, or the application of it 
Jeſs ſatisfactory in explaining the cauſe of the 1. 


5 in the atmoſphere. 
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I am, however, far from being deſirous that much 
ſtreſs ſhould be laid on this ſingle Experiment, be- 
ing perfectly ſenſible that others may be contrived, 
the reſults of which would be more deciſive: in 
the mean time it appears to me that the hint given 
us is too plain not to deſerve ſome attention. If it 
ſhould awaken the curioſity of experimental philo- 
ſophers, and excite them to farther inveſtigation, 
the end I had principally in view in publiſhing this 
account of it will be completely anſwered. g 
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DESCRIPTION OF THE PLATES. 


PL ATE Hl. 


Fio. 4. This Figure repreſents à vertical ſection 
of the apparatus uſed in the Experiment 
No. 55. (ſee page 315), in which an attempt was 
made to melt the top df a projefting point of ice 
by Heat tranſmitted downwards” through olive-oil 
communicated by a ſolid cylinder of iron, heated 
in boiling water. | 
In this Figure the tall glaſs jar (in the bent 
which the cake of ice was frozen) is ſtanding in 
an earthen pan filled with pounded ice. 

The oil is alſo repreſented ſtanding on the cake 
of ice in the jar z. and the iron eyliadeg in. its ſheath 
of paper ſuſpended in the axis of the jar in ſuch a 
manner that the lower end of this cylinder, which 
is flat, is directly over the pointed . of i «ce, 
and diſtant from it vg of an inch. 7 


PLATE iv. 


Fig. 5. This Figure ſhows the manner in which 
the Experiment No. 57. (ſee page 326) was made, 
when pure or freſh water in a glaſs jar was made 

| POND 3 
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to repoſe on brine, or water ſaturated with ſea-ſalt, 
without mixing with it. 
In this Experiment the fmaller jar, which con- 
tained the brine, the pure water, and a 
. of olive- oil by which the ſurface of the pure water 
was covered, ſtood in a larger glaſs jar, - which laſt 
© ſtood in a ſhallow earthen diſh filled with pounded 
ice and water. . 
| The ſpace between the outſide of the ſmaller jar 
and the infide of the larger jar was filled, to the 
height of about an inch above the level of the ſur- 
re 
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INTRODUCTION, 


| 2 Eſſay contains nothing that will be new 


to philoſaphical readers; for it is little more 
than the ſubſtance of two Papers which have 
already appeared in the Philoſophical Tranſactions 
of the Royal Society of London ; one in the year 
1786; and the other (for which the Author had 
the honour to receive from the Society the Copleian 
Annual Medal) in the year 1792. 
As reference has frequently been made to theſe 
Papers in ſeveral of the preceding Eſſays ; and as 
many of the Experiments of which an account is 
given in them are not only intereſting in themſelves, 
but are neceſſary to be known in all their details 
in order to judge of ſeveral important concluſions 
that have been founded on their reſults, the Author 
has thought that it would not be improper to 
republiſh them under the preſent form. He was 
alſo deſirous of adding the ſubſtance of thoſe 
Papers to his Sixth and Seventh Eflays, in order 
that all that he has written on the Science of Heat- 
might be brought together in one volume, 

The Eſſays which are deſtined to compoſe the 


next volume (many of which are already in great 


forwardneſs) are all on practical ſubjects of a po- 
pular nature, and of general utility; and on that 
| EZ 2 | account 
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account it was judged beſt to keep them ſeparate 
from thoſe contained in this volume, which par- 


take more of the nature of abſtruſe philoſophical 


inveſtigations. 


Various unforeſeen events have contributed to 


retard the publication of the promiſed Eſſays on 
Ritchen Fire-places—on Cottage Fire-places—and 
on Clothing; but the Author has well-founded 
hopes of being able to bring them t in the 
courſe of a few months, | | 
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CHAP. I, 


An Account of the Inſtruments that were prepared 
for making the propoſed 'Experiments,—A Ther- 
mometer is conſtructed whoſe Bulb is ſurrounded 

by a ToRRICELLIAaN Vacuum.—Heat is found 
to paſs in a Torricellian Vacuum with greater Diffi- 
culty than in Air,—Relative conducting Powers of 

. @ Torricellian Vacuum and of Air with regard to 
Heat determined by Experiment. —Relative conduct 
ing Powers of dry Air and of moiſt Air. Relative 
conducting Powers of Air of different Degrees of 
| Denſity. — Relative conducting Powers of Ma- 

cuRY; WATER; Alx; and a TORRICELLIAN 
VACUUM. 


[Read before the Ror al. SocteTY, March 9, 1786.1 
E22 the conducting power of air, and of 
| various' other fluid and ſolid bodies, with re- 
gard to Heat, I was led to examine the conducting 
power of the Torricellian vacuum. From the ſtrik- 
ing analogy between the electric fluid and Heat 
* their conductors and non - conductors, 
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(having found that bodies, in general, which are 
conduQors of the electric fluid, are likewiſe 8 
conductors of Heat, and, on the contrary, that 
electric bodies, or ſuch as are bad conductors of 
the electric fluid; are likewiſe bad eonductors of 
Heat,) I was led to imagine that the Torricellian 
vacuum, which is known to afford ſo ready a 


paſſage to the electric fluid, would alſo have 


afforded a ready paſſage to Heat. 
The common experiments of heating and cool- 


ing bodies under the receiver of an air —— I con- 


ezived to be itiadequate to determining this queſtion; 

not only on account of the impoſſibility of making 

a perfect void of air by means of the pump; but 

alſo on account of the moſſt vapour, which echaling 

from the wet leather and the off ufed in the ma- 

_ expands under the receiver, hd fills it with 
A watery fluid, which, though extremely rare, is 


yet capable of conducting a great deal of Heat: I 
kad recourſe therefore to other contrivances. 


I took a thermometer, unfilfed, the diameter of 
whoſe bulb (which was globular} was juſt half an 
Inch, Paris meaſure, and fixed it in the centre of a 
hollow glaſs ball of the diameter of 13 Paris ihch, 
in ſuch a manner, that the ſhort neck or opening 
of the ball being ſoldered faſt to the tube of the 
thermometer 74 lines above its bulb, the bulb of 
the thermometer remained fixed in the centre of 


the ball, and conſequently was cut off from all 


communication with the external air. In the bot- 
tom of the glaſs ball was fixed a ſmall hollow tube 


or point, which projecting outwards' was ſoldered 
8 7. to 
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to the end of a common barometer tube about 33 
inches in length, and by means of this opening the 
fpace between the internal furface of the glaſs ball 
and the bulb of the thermometer was filled with 
hot mercury, which had been previouſly freed of 
air and moiſture by boiling. The ball, and alſo 
the barometrical tube attached to it, being filled 
with mercury, the tube was carefully inverted, and 
its open end placed in a bow in which there was a 
quantity of mercury. The inſtrument now be- 
came a barometer, and the mercury deſcending 
from the ball (which was now uppermoſt) left the 
ſpace ſurrounding the bulb of the thermometer free 
of air. The mercury having totally quitted the 
glaſs ball, and having ſunk in the tube to the height 
of 28 inches, (being the height of the mercury in 
the common barometer at that time) with a lamp 
and a blow-pipe I melted the tube together, or 
_ ſealed it hermetically, about three-quarters of an 
inch below the ball, and cutting it at this place 
with a fine file, I ſeparated the ball from the long 
barometrical tube. The thermometer being after- 
wards filled with mercury in the common way, I 
now poſſeſſed a thermometer whoſe bulb was con- 
fined in the centre of 2 Torvicellign vacuum, and 
which ſerved at the ſame time as the body to be 
heated, and as the ds. the 
ten 


ee N 2. 
With this ipſtrument (ſee Fig. 1.) L made the 


following Experiment. Having plunged it into a 
EE 4 veſſel 
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veſſel filled with water, warm to the 18th degree 


of RxAUMUxR's ſcale, and ſuffered it to remain 


there till it had acquired the temperature of the 
water, that is to ſay, till the mercury in the in- 
cloſed thermometer ſtood at 187, I took it out of 
this veſſel and plunged it ſuddenly into a veſſel of 
boiling water, and holding it in the water (which 


Was kept conſtantly boiling) by the end of the tube, 
in ſuch a manner that the glaſs ball, in the centre 


of which was the bulb of the thermometer, was 


juſt ſubmerged, I obſerved the number of degrees 
to which the mercury in the thermometer had 
ariſen at different periods of time, counted from 
the moment of its immerſion. Thus, after it had 


remained in the boiling water 1 min. 30 ſec. L found 
the mercury had riſen from 187 to 29% After 
4 minutes had elapſed, it had riſen to 44; and 
at the end of een daten to 4g. 2 


Experiment)! N* 2. 


- Taking it now out of the boiling water fulfered 


it to cool gradually in the air, arid after it had ac- 


quired the temperature of the atmoſphere, which 


was that of 15* R. (the weather being perfectly 
fine) I broke off a little piece from the point of 


the ſmall tube which remained at the bottom of the 


glaſs ball, where it had been hermetically ſealed, 


and of courſe the atmoſpheric air ruſhed imme- 
diately into the ball. The ball ſurrounding the 
bulb of the thermometer being now filled with air, 


(inſtead of being emptied of air, as it was in the 
before mentioned Experiment,) 1 reſealed the end 


of 


2. S. 2 g. g 


22 9 — 2 0 


' in various Subſtancer. \ \ 395 


of the ſmall tube at the bottom of the glaſs ball 
hermetically, and by that means cut off all com- 
munication between the air confined in the ball and 
the external air; and with the inſtrument ſo pre- 
pared I repeated the Experiment before · mentioned; 
that is to lay, I put it into water warmed. to 180, 

and when it had acquired the temperature of the 
water, I plunged it into boiling water, and obſerved 
the times of the aſcent of the mercury in the 

thermometer. They were as follows: 


Time Heat 
Ji. ORE | | | acquireds 
Heat at the moment of being plunged into? 

the boiling water, - _ 5 - . 

| Me, Ea; 
After having remained in the boiling water o 45 27 
RET > | 10 347 
2 10 4415 

249 48% 

4 © 3536555 

5 © 607% 


From the ruſult of theſe Experiments it appears 
evidently, that the Torricellian vacuum, which 
affords ſo ready a paſſage to the electric fluid, ſo far 
from being a good conductor of Heat, is a much 
worſe conductor of it than common air, which of 
itſelf is reckoned among the worſt : for in the laſt 
Experiment, when the bulb of the thermometer was 
ſurrounded with air, and the inſtrument was 
plunged into boiling water, the mercury roſe from 
18* to 27* in 45 ſeconds ; but in the former Ex- 
periment, when it was ſurrounded by a Torricellian 
vacuum, it required to remain in the boiling water t 

minute 


ow 07 he Dude, of Hee 


minute 30 ſeconds = go ſeconds, to acquire that 
degree of heat. In the vacuum it 

minutes to riſe to 48 ; but in air it roſe to that 
height in 2 minutes 40 foconds ; and the propor- 
tion of the times in the other oblervarloijs is near} 
the ſame, as will Appear by the following Table. 


n 0 1 | by ab. 
2 4 


4 © 

5 © 43797 2 40 2 
ö — ä 
F — — 3 O 6018 


Theſe We were made at Manheim, 
upon the firſt day of July 1785, in the preſence of 
Profeſſor Hemmer, of the Electoral Academy of 
Sciences of Manheim, and Charles Artaria, me- 
tearological inſtrument maker to the academy, by 

whom I was aſſiſted in making them. 8 

Finding the conſtruction of the inſtrument made 

92 of in theſe Experiments attended with much 
trouble and riſk, on account of the difficulty of 
ſoldering the glaſs ball to the tube of the thermo- 
meter without at the ſame time either cloſing up, 


or otherwiſe 8 the bore of the * 
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had recourſe to another contrivance much more 
commodious, and much eafier in the execu- 
tion. 
At the end of a glaſ RP WY 0.4 
eleven inches in length, and near three quarters of 
an inch in diameter internally, I cauſed a hollow 
globe to be blown 1+ inch in diameter, with an 
in the bottom of it correſponding with the 
| bore of the tube, and equal to it in diameter, 
leaving to the opening a neck or ſhort tube, about 
aninch in length. Having a thermometer prepared, 
whoſe bulb was juſt half an inch in diameter, and 
whoſe freezing point fell at about 24 inches. above 
its bulb, I graduated its tube according to Reaumur's 
ſcale, deginning- at o, and marking that point, and 
alſo every tenth degree above it to 80*, with threads 
of fine filk bound round it, which being moiſtened 
with lac varniſh adhered firmly to the tube. This 
thermometer I introduced into the glaſs cylinder and 
globe juſt deſctibed, by the opening in the bottom 
of the globe, having firſt choaked the cylinder at 
about 2 inches from its junCtion with the globe by 
heating it, and crowding its ſides inwards towards 
its axis, leaving only an opening ſufficient to admit 
the tube of the thermometer. The thermometer 
deing introduced into the cylinder in ſuch a man- 
ner that the centre of its bulb coincided with 
the centre of the globe, I marked a place in the 
cylinder, about three-quarters of an inch above the 
80th degree or boiling point upon the tube of the 
incloſed thermometer, and taking out the thermo- 
meter, I <hoaked the cylinder again in this place, 
Intro- 


Introducing now the thermometer for the laſt 
time, I cloſed the opening at the bottom of the 
globe at the lamp, taking care before I brought it 
to the fire, to turn the cylinder upſide down, and 
to let the bulb of the thermometer fall into the 
cylinder till it reſted upon the lower choak in the 
cylinder. By this means the bulb of the thermo- 
meter was removed more than 3 inches from the 
| flame of the lamp. The opening at the bottom of 
the globe being now cloſed, and the bulb of the 
thermometer being” ſuffered to return into the 
globe, the end of the cylinder was cut off to within 
about half an inch of the upper choah, This being 
done, it is plain, that the tube of the thermometer 
projected beyond the end of the cylinder. Taking 
hold of the end of the tube, I placed the bulb of 
the thermometer as nearly as poſſible in the centre 


of the globe, and obſerving and marking a point in 


the tube immediately above the upper choak of the 
cylinder, I turned the cylinder upſide down, and 
ſuffering the bulb of the thermometer to enter the 
cylinder, and reſt upon the firſt or lower choak, (by 
which means the end of the tube of the thermo- 
meter came further out of the cylinder) the end of 
the tube was cut off at the mark juſt mentioned, 

(care having firſt been taken to melt the internal 
cavity or bore of the tube together at that place) 
and a ſmall ſolid ball of glaſs, a little larger than 
the internal diameter or opening of the choak, 
was ſoldered" to the end of the tube, forming a 
| Fttle button or knob, which reſting upon the upper 
choak of the cylinder ſerved to ſuſpend the thermo- 
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meter in ſuch a manner that the centre of its bulb 
coincided with the centre of the globe in which it 
was ſhut up. The end of the cylinder above. the 
upper choak being now heated and drawn out to 

a point, or rather being formed into the figure of 
the fruſtum of a hollow cone, the end of it was 
ſoldered to the end of a barometrical tube, by the 
help of which the cavity of the cylinder and globe 
containing the thermometer was completely voided 
of air with mercury; when, the end of the cylinder 
being hermetically. ſealel, the barometrical tube 
was detached from it wath a file, and the thermo-- 
meter was left complete ſhut up in a 'Torricellian | 
vacuum, the centre of the bulb of the thermome- 
ter being confined in the centre of the glaſs globe, 
without touching it in any part, by means of the 
two choaks in the cylinder, and the button upon 
the end of the tube. (See Fig. 2. „ 

Of theſe inſtruments I provided myſelf with two, 
as nearly as poſſible of the ſame dimenſions; the 
one, which I ſhall call Ne 1. being voided of air, 
in the manner above deſcribed; the other, No 2. 
being filled with air, and hermetically ſealed. 

With theſe two inſtruments (ſee Fig. 2.) I made 
the following Experiments upon the 11th of July 
laſt at Manheim, between the hours of ten and 
twelve, the weather being very fine and clear, the 
mercury in the barometer ſtanding at 2 7 inches 11 
lines, Reaumur's thermometer at 15*, and the 
quill hygronieter of the academy of Manheim 


At 47% 


Experiments, 


: 409 n. 110 er 


Experiments, * n 


© Putting both the inſtruments into a. mixture of 
pounded i ice and water, T let them remain there till 
the mercury in the incloſed thermometers reſted at 
the paint o, that is to ſay, till they bad acquired 
exactly the temperature of the cold mixture; and 
then taking them out of it I plunged them ſud. 
denly into a large veſſel of boiling water, and ob- 
ſerved the time required for the mercury to riſe in 
the thermometers from ten degrees to ten degrees, 
from ©* to 80*, taking care to keep the water 
. conſtantly boiling during the whole of this time, 
and taking. care alſo to keep the inſtruments im. 
merſed to the ſame depth, that is to ſay, juſt ſo 
deep that the point oꝰ of the incloſed thermometer 
was even with the ſurface of the water. 
Theſe Experiments I repeated twice with the ut- 
moſt care; and n the relult 


of them, 


— 


| diameter, 


metically ſealed. 
evater, 
— o | 
M. S. M. S. 0 M. 8. M. &. ©» 
0 5t 051 10 o 30 © 30 w | 
0.59 ow +2 Jv. way. Is 
1 $8 30 0 41 © 41 1 
118 1 22 489 o49 053 40 
12 1 2 50 8 © 59 | 
2 8 x ” & 124 43 20 80 ö 
ne e 
11 41 108 27 80 90 938 80 
22 44 21 1= total ti | 16 5 17 — total ti ; 
f heating from 0? to 800. lf heating Gem to 800. N 
Tot time Tom e W 70%: {4 
| M. | þ + 'S. 
In Exp. Ne 3.211 3 In Exp. Noe F. 27 45 
In Exp. Ne 4. 210 34 | Tn Exp. N*%6.=7 25 
Ws =10 48} [ Medium z 35 


It appears from theſe Experiments that the con- 
ducting power of air to that of the Torricellian va- 
euum, under the circumſtances deſcribed, is as 73% 
o 100g inverſely, or as 1000 to 702 nearly for the 


quantities of Heat communicated being equal, the 


intenſity of the communication is as the times 
inverſely. _ | 


In theſe Experiments the Heat paſſed through the 


ſurrounding medium into the bulb of the thermo- 
| meter ; 
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meter: in order to reverſe the Experiment, and 


make the Heat paſs out of the thermometer, I put 
the inſtruments into boiling water, and let them | 
remain therein till they had acquired the tempera- 


ture of the water; that is to ſay, till the mercury 

in the incloſed thermometers ſtood at 80˙; and 
then, taking them out of the boiling water, I 
plunged them ſuddenly into a mixture of water : 
and pounded ice, and moving them about conti. 4 
nually in this mixture, I obſerved the times em- "WT 

. ployed in cooling as follows: * 
- e 

a 

d 


Thermometer N 1. l 2. 
N 3 Surrounded by air. 
' [Taken out of boiling water, and Talen out of boiling water, 
' Plunged into freezing mater. plunged into ſreezing water, 1 | 
Time elapſed. 2 Time elapſed. on 
— | eat loſt. |—— — | Heat loſt. 
Exp. Ne. Exp. Ne 8. p. Nog. Exp. No 10. 5 
' 80? 809 
M..8./ -- MK, is M. 8. M. 5 0 St 
FS --.,0J< 70 9 3 8.88 70 
o 58 I 2 60 0 39 © 34 60 Het 
117 118 50 0 44 044 50 
rn 40 039 © 55 40 7 
. 30 . 30 | 
9267 13726" 0 11 20 
b 5 10 44 10 
Not Slirved. Not Sblerved. o 2 10 Not 85 erved. o | 
Total time of cooling from 80e Total time of cooling from 80 
to 10% to ic 
e 5, ö 
n Exp. Ne 7. 216 4 n Exp. Ne 9.=9 49 
In Exp. Ne 8. 16 16 In Exp. Ne 10.29 41 E 
| Medium 16 10 E Medium 9 45 __ | — 
| | 
By arr, 
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By theſe Experiments it appears, that the con- 
ducting power of air is to that of the Torricellian 
vacuum as 9353 to 16 n or as 1000 to 
603. 
To determine whether the ſame law would hold 
good when the heated thermometers, inſtead of be- 
ing plunged into freezing water, were ſuffered to 


cool in the open air, I made the following Experi- 
ments. The thermometers N' 1 and N' 2 being 


again heated in boiling water, as in the laſt Experi- 


ments, I took them out of the water, and ſuſpend- 
ed them in the middle of a large room, where the 
air (which appeared to be perfectly at reſt, the win- 
dows and doors being all ſhut) was warm to the 
16th degree of RzaumuR's thermometer, and the 
times of cooling were obſerved as follows: | 


a. 


Surrounded by a Torricellian 


vacuum. 


Surrounded by air. 


Heated to 80%, and ſuſpended in Heated to 80%, and ſuſpended in 


the open air warm'to 160. | the apen air warm 10-16%. 
Time elapſed. Heat loſt, Time elapſed, Heat loſt. 
005; | — 80? 
M. 8. ba M. s. 5 
Not obſerved. 70 Not obſerved. 70 
I 24 60 0 51 60 
I 4 50 | ES 30 
3 3 40 I 34 40 
4 16 30 241 4 
10 12 = total time em- 6 11 = total time em- 


yed in cooling f from zoꝰ to 305. Iployed in cooling from 70®to 3&1 | 


Here the difference in the conducting powers 3 
air and of the Torricellian vacuum appears to be 
VOL, 11. 3 | nearly 
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nearly the fame as in the foregoing Experiments, 
being as 644 to 1634 inverſely, or ad r000 to 605/ 
could not obſerve the time of cooling from 80” 
to 7005 being at that time buſied in ſuſpending the 
mſtruments. | 

As it might poffibly be objected to the conclu- 
ſions drawn es theſe Experiments that, notwith- 
ſtanding all the care that was taken in the con- 
ſtructing of the two inſtruments made uſe of that 
they ſhould be perfectly alike, yet they might in 
reality be ſo far different either in ſhape or ſize, as 
to occaſion a very ſenſible error in the reſult of the 
Experiments; to remove theſe doubts I made the 
following Experiments : : 

In the morning towards eleven o'clock, the wea- 
ther being remarkably fine, the mercury in the ba- 
rometer ſtanding at 27 inches 11 lines, RzaumuR's 
thermometer at 15˙, and the hygrometer at 47*, I 
repeated the Experiment N? 3. (of heating the ther- 
mometer N' 1 in boiling water, &c.) and imme- 
diately afterwards opened the cylinder containing 
the thermometer at its upper end, where it had 
been ſealed, and letting the air into it, I fe- ſealed 
it hermetically, and repeated the Experiment again 
with the ſame inſtrument, the thermometer being 
now ſurrounded with air, like the thermometer 
Ne a. | 
The reſult of theſe Experiments, which may be 
feen in the following Table, ſhews evidently, that 
the error ariſing from the difference of the ſhapes 
br dimenſions of the two inſtruments in queſtion 
| Was inconſiderable, if not totally iniperceptible. * 

15 
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* 1 


| (Exp. N TY, | (Exp. N 14. 
Thermometer N® 1. The ſame Thermometer (Ne 1.) | 


| Its bulb half an inch in di 
f an inch in dia, The glaſs globe, containin 
\meter ſhut up in the centre of the bulb of C . 
2 glaſs globe 1* inch in dia- being now filled with air, and 
meter, voided of air, and her- hermetically ſealed. . 
— = 1 Taken out of freezing water 
| out of freezing water, , 
and plunged 12 3 | and plunged into boiling water. 


Time elapſed. Heat acquired. | Time elapſed. Heat acquired. 
—— o 


| — 0 — 
| M. s. 0 | M. s. . 
© 55 10 o 32 10 
0 55 20 0 32 20 
SF 30 N © 45 3 
1 15 40 © 50 40 
r 29 50 121 50 
2 2 60 I 4 60 
3 21 70 LEES 0 
13 44 80 10 25 95 | 
24 48 = total time of 18 5 S total time of 
heating from 6® to 800. heating from o“ to 80% | 
Total time from 0* to 70% =| Total time from 0® to 30 = 
11 4 0 7 40 


It appears, therefore, from theſe Experiments, 
that the conducting power of common atmoſpheric 
air is to that of the Torricellian vacuum as 742 to 
t1-; inverſely, or as 1000 to 602; which differs 
but very little from the reſult of all the foregoing = 
Experiments. | : 

Notwithſtanding that it appeared, from the re- 
ſult of theſe laſt Experiments, that any difference 
there might poſſibly have been in the forms or 
dimenſions of the inſtruments N' : and N' 
could hardly have produced any ſenſible error 
in the reſult of the Experiments in queſtion ; I 
was willing, however, to ſee how far any con- 

| FF2 ſiderable 


4 Of the Propagation of Heat 


ſiderable alterations of ſize in the inſtrument 


. would affect the Experiment: I therefore provided 
myſelf with another inſtrument which I fhall call 
Thermometer Ne 3. different from thoſe already de- 
ſcribed in ſize, and a little different in Its con- 
ſtruction. 


The bulb of the thermometer was . the ſame 


form and ſize as in the inſtruments N* 1 and N* 2, 
that is to ſay, it was globular, and half an inch 
in diameter ; but the glaſs globe, in the centre of 
which it was confined, was much larger, being 
3 inches 7+ hnes in diameter; and the bore of 
the tube of the thermometer was much finer, 
and conſequently its length, and the diviſions of 
its ſcale, were greater. The diviſions were marked 
upon the tube with threads of ſilk of different 
colours at, every tenth degree, from o' to 80“, 
as in the before- mentioned inſtruments. The 
tube or cylinder belonging to the glaſs globe was 
8 lines in diameter, a little longer than the tube 


of the thermometer, and perfectly cylindrical from 


its upper end to its junction with the globe, being 
without any choak; the thermometer being con- 
fed in the centre of the globe by a different con- 
trivance, which was as follows. To the opening 
of the cylinder was fitted a ſtopple of dry wood, 
covered with a coating of hard varniſh, through 
the centre or axis of which paſſed the end of the 
tube of the thermometer: this ſtopple confined the 
tube in the axis of f the cylinder at its upper end. 
To confine it at its lower end, there was fitted to it 
2 ſmall ſteel ſpring, a little below the point 0*; 
which, being faſtened to the tube of the thermo- 
meter, 
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meter, had three elaſtic points projecting outwards, 
which, preſſing againſt the infide of the cylinder, 
_ confined the thermometer in its place. The total 
length of this inſtrument, from the bottom of the 
globe to rhe upper end of the cylinder, was 18 
inches,and the freezing point upon the thermometer 
fell about 3 inches above the bulb; conſequently 
this point lay about 14 inch above the junction of 
the cylinder with the globe, when the thermometer 
was, confined in its place, the centre of its bulb 
coinciding with the centre of the globe. Through 
the ſtopple which cloſed the end of the cylinder 
paſſed two ſmall glaſs tubes, about a line in di- 
ameter, which being about a line longer than the 
ſtopple were cloſed occaſionally with ſmall ſtopples 
fitted to their bores. Theſe tubes (which were 
fitted exactly in the holes bored in the great ſtopple 
of the cylinder to receive them, and fixed in their 
places with cement) ſerved to convey air, or any 
other fluid, into the glaſs ball, without its being 
neceſſary to remove the ſtopple cloſing the end of 
the cylinder; which ſtopple, in order to prevent 
the poſition of the thermometer from being gan 
deranged, was cemented in its place, 

I have been the more particular in the deſcription 
of theſe inſtruments, as I conceive it to be ab- 
ſolutely neceſſary to have a perfect idea of them 
in order to judge of the Experiments made with 
them, and of their reſults. 

With the inſtrument laſt deſcribed (which I have 
called Thermometer Ne 3.) I made the following 

FF 3 Experi- | 
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Experiment. It was upon the 18th of July 1785, 
in the afternoon, the weather variable, alternate 
clouds and ſun-ſhine; wind ſtrong at S. E. with 
now and then a ſprinkling of rain; barometer 
at 27 inches 10+ lines, thermometer at 180, and 
hygrometer variable from 44 to extreme moiſture, 

In order to compare the reſult of the Ex- 


periment made with this inſtrument with thoſe 


made with the thermometer Ne 2. I have placed 
together in the ſame Table the different Experi- 


ja glaſs tube, 3 inches 7Þ lines 


ments made with them. 
3 (Exp. Nog and N 
. 9 —.— Ko 25 Py 


Its bulb half an inch . 
meter, ſhut up in the centre of 


Its bulb half an inch in diameter, ſhut 
up in the centre of a glaſs globe, 14 inch 
in diameter, and furrounded by air. 


in diameter, and ſurrounded by Takenaut of frecwing water and plunged into 
air. | ( boiling water. 
Taken out of , i water,” and _ 
| plunged into Tater. Time elapſed. W 
wit acquired. 
Time elapſed, Heat acquired. |Exp. No 4. Exp-· No g. Medium. 
M. S. 0 JM. 8s. . 8. M. S. TOs 
0 3 10 0 30 © 30 © 30 10 
© 33 20 © 35 0 37 v 36 20 
2 536 30 © 41 © 41 o 41 30 
© 31 40 SW © 33 © 5 42 
1 7 1 * © 59 1 ' 
1 28 80 1 24 1 20 1 23 & 
2 28 70 2 45 2 256 2 35” 70 
9 0 80 13 38 9 24 bo 
16 59 = total time of heat-| 16 55 7 8 16 580 .= total 
ing from 69 to 800. time of heating from o to 800. 
Time from o to 222. 59 Time from o to 70%=7 35. _ 


If the agreement of theſe ee with the 
thermometers N* 2 and N' 3 ſurpriſed me, I was 
not leſs ſurpriſed with their K in bros 
2 Which follows: 


Exp 1 
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Experiment, Ne 16. 


Taking the thermometer N* 3. out of the boiling 
vater, I immediately ſuſpended it in the middle 
of a large room, where the air, which was quiet, 


was at the temperature of 18*4 R. and ons 


the times of cooling as follows ; - 
. Fine elapſed. Heat loſt, | 
— 80 
M. 8. | 
1 55 70 
9 12 60 
0 33 50 
215 49 X 
4 © 30 


9 55=total time of cooling from 80? to 30*. 
Time from 70® to 30*=8' o. but in the Experi- 
ment No. 12. with the thermometer N' 2. the 
time employed in cooling from 70? to 307 was 
only 6 11“. In this Experiment, with the ther- 
mometer Ne 3. the time employed in cooling from 
60 to 30 was 7' 48”; but in the above-mentioned 
Experiment, with the thermometer Ne. it was 
only 5 20“. It is true, the air of the room 
was ſomewhat cooler when the former Experiment 
was made, than when this latter was made, with 
the thermometer Ne 3 ; but this difference of tem- 
perature, which was only 2*4, (in the former caſe 
the thermometer in the room ſtanding at 160, 
and in the latter at 18*z,) certainly could not haye 
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occaſioned the whole of the apparent difference in 


the reſults of the Experiments. 

Does air receive Heat more readily than it parts 
with it? This is a queſtion highly deſerving of 
further inveſtigation, and I hope to be able to give 
it a full examination in the courſe of my projected 
Inquiries ; but leaving it for the preſent, I ſhall pro- 
ceed to give an account of the Experiments which I 
have already made. Conceiving it to be a ſtep of 
conſiderable importance towards coming at a 
further knowledge of the nature of Heat, to 
aſcertain, by indiſputable evidence, its paſſage 
through the Torricellian vacuum, and to deter- 
mine, with as much preciſion as poſſible, the law 
of its motions in that medium ; and being appre- 
henſive that doubts might ariſe with reſpect to the 
Experiments before deſcribed, on account of the 
contact of the tubes of the incloſed thermometers in 
the inſtruments made uſe of with the containing 
glaſs globes, or rather with their cylinders ; by 
means of which (it might be ſuſpected) that a cer- 
tain quantity, if not all the Heat acquired, might 
poſſibly be communicated ; to put this matter 


beyond all doubt, I made the following Experi- 


ment. 


In the middle of a glaſs body, of a pear- like 


form, about 8 inches long, and 2 inches in its 

eateſt diameter, I ſuſpended a ſmall mercurial 
thermometer, 5} inches long, by a fine thread of 
ſilk, in ſuch a manner that neither the bulb of the 
thermometer, nor its tube, touched the contain- 
ing glaſs body in any part. The tube of the ther. 
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mometer was graduated, and marked with fine 


threads of ſilk of different colours, bound round 
jt, as in the thermometers belonging to the other 
inſtruments already deſcribed ; and the thermome- 
ter was ſuſpended in its place by means of a ſmall 
ſteel ſpring, to which the end of the thread of filk 


which held the thermometer being attached, it 


(the ſpring) was forced into a ſmall globular pro- 
tuberance or cavity, blown in the upper extremity 
of the glaſs body, about half an inch in diameter, 
where the ſpring remaining, the thermometer” ne- 
ceſſarily remained ſuſpended in the axis of the glaſs 
body. There was an opening at the bottom of 
the glaſs body, through which the thermometer 
was introduced; and a barometrical tube being 
ſoldered to thi opening, the inſide of the glaſs 
body was voided of air by means of mercury; 

and this opening being afterwards ſealed herme- 
tically, and the barometrical tube being taken away, 
the thermometer was left ſuſpended in a Tor- 


ricellian vacuum. 
In this inſtrument, as the incloſed thermometer 


did not touch the containing glaſs body in any part, 
on the contrary, being diſtant from its internal 
ſurface an inch or more in every part, it is clear, 
that whatever Heat paſſed into or out of the ther- 
mometer muſt have paſſed through the ſurrounding 
Torricellian vacuum: for it cannot be fu ppoſed, 
that the fine thread of filk, by which the ther- 
mometer was ſuſpended, was capable of conduct- 
ing any Heat at all, or at leaſt any ſenſible quantity. 
] therefore flattered myſelf with hopes of being 

able, 
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able, with the aſſiſtance of this inſtrument, to 


determine poſitively with regard to the paſlage 
of Heat in the Torricellian vacuum: and this, I 
think, I have done, notwithſtanding an unfortu- 


nate accident that put jt out of my power to purſue | 


the Experiments ſo far as I intended, 

This inſtrument being fitted to a ſmall ſtand or 
foot of wood, in ſuch a manner that the glaſs body 
remained in a perpendicular ſityation, I placed it in 
my room, by the fide of another incloſed ther, 
mometer (N* 2.), which was ſurrounded by air, 
and obſeryed the effects produced on it by the 
variation of Heat in the atmoſphere. I ſoon dil. 
covered, by the motion of the mercury in the in- 
cloſed thermometer, that the Heat paſſed through 
the Torricellian vacuum; but it appeared plainly 


from the fluggiſhneſs, or great inſenſibility of 


the thermometer, that the Heat paſſed with much 
greater difficulty in this medium than in common 
air. I now plunged both the thermometers into a 
bucket of cold water; and I obſerved that the 
mercury in. the thermometer ſurrounded by air 
deſcended much faſter than that in the thermome- 
ter ſurrounded by the Torricellian vacuum. I took 
them out of the cold water, and plunged them 
into a veſſel of hot water (having no conveniencies 
at hand to repeat the Experiment in due form with 
the freezing and with the boiling water); and the 
thermometer ſurrounded by the Torricellian var 
cuum appeared {till to be much more inſenſible or 
aussi than that ſurrounded my air, 
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Theſe trials were quite ſufficient to convince 
me of the paſſage of Heat, in the Torricellian 
vacuum, and alſo of the greater difficulty of its 
paſſage in that medium than in common air ; but, 
not ſatisfied to reſt my inquiries here, I took the 
- firſt opportunity that offered, and ſet myſelf to 
repeat the Experiments which I had before made 
with the inſtruments Ne 1 and N* 2. I plunged 
this inſtrument into a mixture of pounded ice and 
water, where I let it remain till the meren in the 
incloſed thermometer had deſcended to o'; when, 
taking it out of this cold mixture, I plunged it 
ſuddenly into a veſſel of boiling water, and pre- 
pared myſelf to obſerve the aſcent of the mercury 
in the incloſed thermometer, as in the foregoing 
Experiments; but unfortunately the moment the end 
of the glaſs body touched the boiling water, it 
cracked with the Heat at the point where it had 
been hermetically ſealed, and the water ruſhing into 
the body, ſpoiled the Experiment: and 1 have not 
{ince had an opportunity of providing myſelf with 
another inſtrument to repeat it. 
1 It having been ace eqs nee ts bk 
to examine the conducting powers of the artificial 
- airs or gaſſes, the thermometer N' 3. was con- 
ſtructed with a view to thoſe Experiments; and 
having now provided myſelf with a ſtock of thoſe 
different kinds of airs, I began with fixed air, with 
which, by means of water, I filled the globe and 
cylinder containing the thermometer; and ſtopping 
up the two holes an the great ſtopple cloſing the 
end of the cylinder, 1 expoſed the inſtrument in 
freezing 
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freezing water till the mercury in the incloſed 
thermometer had deſcended to o; when, taking 
it out of the freezing water, I plunged it into a 
large veſſel of boiling water, and prepared myſelf 

to obſerve the times of heating, as in · the former 
| caſes; but an accident happened, which ſuddenly 
put a ſtop to the Experiment. Immediately upon 
| plunging the inſtrument into the boiling water, the 
mercury began to riſe in the thermometer with 
ſuch uncommon celerity, that it had paſſed the firſt 
diviſion upon the tube (which marked the 10th 
degree, according to ReaumuR's ſcale) before I 
was aware of its being yet in motion; and having 
thus miſſed the opportunity of obſerving the time 
elapſed when the mercury arrived at that point, I 


was preparing to obſerve its paſſage of the next, 
when all of a ſudden the ſtopple cloſing the end of 


the eylinder was blown up the chimney with a 
great exploſion, and the thermometer, which, be- 
ing cemented to it by its tube, was taken along 
with it, and was broken to N and enden 
in its _ 

This unfortunate Experiment, though it put a 
| Atop for the time to the inquiries propoſed, opened 
the way to other reſearches not leſs intereſting. 
Suſpecting that the exploſion was occafioned by the 
rarefaction of the water which remained attached 
to the inſide of the globe and cylinder after the 
operation of filling them with fixed air; and 
thinking it more than probable, that the uncom- 
mon celerity with which the mercury roſe in the 


thermometer was principally TOE to the ſame 
cauſe, 
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cauſe, I was led to examine the conducting 
power of moiſt air, or air ſaturated with water. 

For this Experiment I provided myſelf with a 
new thermometer N* 4. the bulb of which, being 
of the ſame form as thoſe already deſcribed (viz. 
globular) was alſo of the ſame ſize, or half an inch 
in diameter. To receive this thermometer a glaſs. 
cylinder was provided, 8 lines in diameter, and 
about 14 inches long, and terminated at one end 
by a globe 14 inch in diameter. In the centre of 
this globe the bulb of the thermometer was con- 
fined, by means of the ſtopple which cloſed the 
end of the cylinder; which ſtopple, being near 
2 inches long, received the end of the tube of 
the thermometer into a hole bored through its 
centre or axis, and confined the thermometer in its 
place, without the aſſiſtance of any other appara- 
tus. Through this ſtopple two other ſmall holes 
were bored, and lined with thin glaſs tubes, as in 
the thermometer Ne 3. opening a paſſage into the 
cylinder, which holes were occaſionally ſtopped up 
with ſtopples of cork; but to prevent accidents, 
ſuch as I have before experienced from an ex- 
ploſion, great care was taken not to preſs theſe 
ſtopples into their places with any conſiderable force, 
that they might the more eaſily be blown out by any 
conſiderable effort of the confined air, or vapour. 

Though in this, inſtrument the thermometer 
was not altogether ſo ſteady in its place as in the 
thermometers N* 1, Ne 2, and N? 3. the elaſticity 
of the tube, and the weight of the mercury in the 
bulb of the thermometer, occaſioning a ſmall 
| vibration 
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vibration or trembling of the thermometer upon 


any ſudden motion or jar; yet I preferred this 


method to the others, on account'of the lower part 
of this thermometer being entirely free, or ſuf- 


pended in ſuch a manner as not to tonch, or have 
any communication with, the lower part of the 
cylinder or the globe: for though the quantity of 
Heat received by the tube of the thermometer at 
its contact with the cylinder at its choaks, in the 
inſtruments Ne 1 and No 2, or with the branches 
of the ſteel ſpring in Ne 3. and from thence com- 
municated to the bulb, muſt have been exceedingly 
ſmall; yet I was deſirous to prevent even that, and 
every other poſſible cauſe of error or inaccuracy. 
Does humidity augment the conducting power 
of air? 
* To determine this queſtion I made the following 
Experiments, the weather being clear and fine, the 
mercury in the barometer Randing at 27 inches 8 
lines, the thermometer at 19*, and the hygrometer 
« 44% 
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(Exp. N17.) © (Exp. Ne 78.) 
Thermometer N® 4. The ſame Thermometer (No 4.) 
Surrounded by air dry to Surrounded by air Fares 
the 44th degree of the quill as moift as poſſible a__ 
of the Manheim the inſide of the cy 
» 7 / | globs 2 fr 
aken out 0 freezing water, out of freezing water, | 
and and plunged into boiling water. | and ind plunged i into boiling water. : 


Time elapſed. Heat —— Time elapſed, Heat — 
0 


M. S. I M. S. 80 
9 34 10 3 
1 3 
© Fl 40 * 40 
| 1.6 50 o 18 50 
1 35 60 o 26 60 
24 0 0 43 * 
| not obſ erved. 80 7 45 80 


F 


8 9 ='total time of 1 51 = total time of 
heating from 0? to 70%. heating from 0? to 70? 1 


From theſe Experiments it appears, that the con- 
ducting power of air is very much increaſed by hu. 
midity. To ſee if the ſame reſult would obtain 
when the Experiment was reverſed, I now took the 


thermometer with the moi air out of the boiling 
water, and plunged it into freezing water; and 
moving it about continually from place to place in 
the freezing water, I obſerved the times of cooling, 
as ſet down in the following Table. N. B. To com» - 
pare the. reſult of tkis Experiment with thoſe made 
with dry air, I have placed on one fide in the fol- 
lowing Table the Experiment in queſtion, and on 
the other ſide the Experiment N* 19. made with. 
the thermometer Ne 2. 
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(Exp. IRS 
Thermometer No 4. | 
Angry jet 
Taten out of boiling water, | 
and plunged into freezing water. 
| 28 Time elapſed. Heat loſt. 
eee 
; M. S. : 
| © 4 — 
© 14 60 
931 50 | 
o 5 40 | 
| 1.22 30 
| 2 3 20 | 
a 4 2 10 1 


9. 8 = total time of 


— from 80% to 10. 


(Exp. No 10.) ſ 
Thermometer N 2. 
Surrounded b air. 
Taken out of Lag water, 
and plunged into freezing water, 
Time elapſed, Heat loſt. þf 
— 80 
M. s. 1 
© 33 70 
34 60 
0 44 50 
0 55 40 
1 18 30 
1 57 20 
3 40 10 


9 12 = total time off 


cooling from 800 to 10%. 


Though the difference of the . times of 
cooling from 80 to 10? in theſe two Experiments 
appears to have been very ſmall, yet the difference 


of the times taken up by 


the firſt twenty or thirty 


degrees from the boiling point is very remarkable, 
and ſhows with how much greater facility Heat 


| paſſes in moiſt air than in 


dry air. Even the flow- 


neſs with which the mercury in the thermometer 
Ne 4. deſcended in this Experiment from the 3oth 


to the 20th, and from the 


20th to the 10th degree, 


I attribute in ſome meaſure to the great conducting 


power of the moiſt air 


with which it was ſur- 


. rounded; for the cylinder conaining the thermo- 
meter and the moiſt air, being not wholly ſubmerged 


in the freezing water, that 


out of the water was neceſſarily ſurrounded by the 


part of it which remained 


air 
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air of the atmoſphere ; which. being much warmer 
than the water, communicated of its Heat to the 
glaſs; which, paſſing from thence into the con- 
tained moiſt air as ſoon as that air became colder 
than the external air, was, through that medium, 
communicated to the bulb of the incloſed thermo- 
meter, which prevented its cooling ſo faſt as it 
would otherwiſe have done. But when the weather 
becomes cold, I propoſe to repeat this Experiment 
with variations, in ſuch a manner as to put the mat- 
ter beyond all doubt. In the mean time I cannot 
help obſerving, with what infinite wiſdom and good- 
neſs Divine Providence appears to have guarded us 
againſt the evil effects of exceſſive Heat and Cold 
in the atmoſphere; for if it were poſlible for the 
air to be equally damp during the ſevere cold of the 
winter months as it ſometimes is in ſummer, its 
conducting power, and conſequently its apparent 
coldneſs, when applied to our bodies, would be fo 
much increaſed, by ſuch an additional degree of 

moiſture, that it would become quite intolerable ; 
but, happily for us, its power to hold water in 10. 
lutiom i diminiſhed, and with it its power to rob us 
of our animal heat, in proportion as its coldneſs 
is increaſed. Every body knows how very diſ- 
agreeable a very moderate degree of cold is when 
the air is'very damp; and from hence it appears, 
why the thermometer is not always a juſt meaſure 
of the apparent or ſenſible Heat of the atmoſphere. 
If colds or catarrhs are occaſioned by our bodies 
being robbed of our animal heat, the reaſon is 
plain why thoſe diſorders prevail — the 
' VOL. II. G 0 cold 
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cold autumnal rains, and upon the breaking up of 
the froſt in the ſpring. It is likewiſe plain from 
whence it is that ſleeping in damp beds, and in- 
habiting damp houſes, is ſo very dangerous; and 
hy the evening air is ſo pernicious in ſummer and 
in autumn, and why it is not ſo during the hard 
froſts of winter. It has puzzled many very able 
philoſophers and phyſicians to account for the 
manner in which the extraordinary degree or rather 
Quantity of Heat is generated which an animal body 
is ſuppoſed to loſe, when expoſed to the cold of 
winter, above what it communicates to the ſur- 
rounding atmoſphere in warm ſummer weather; 
but is it not more than probable, that the difference 
of the quantities. of Heat, actually loſt or commu- 


nicated, is infinitely leſs than what they have ima- 


gined*? ? Theſe inquiries are certainly very intereſt- 
ing; and they are undoubtedly within the reach 
of well contrived and well conducted Experiments. 
But taking my leave for the preſent of this curious 
ſubject of N eh * to the ſequel of my 
Experiments. 

- Finding fo: alt a difetence i in che eondudiog 
powers of common air and of the Torricellian va- 
cuum, I was led to examine the conducting powers 
of common air of different degrees of denſity. 
For this Experiment I prepared the thermometer 
Ne 4. by ſtopping up one of the ſmall glaſs tubes 
paſſing through the ſtopple, and opening a paſſage 
into the cylinder, and by fitting a valve to the ex- 
ternal overture of the other. The inſtrument, 
_ * thus prepared, being put under the receiver of an 
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air-pump, the air paſſed freely out of the * and 
cylinder upon working the machine, but the valve 
above. deſcribed prevented its return upon letting 
air into the receiver. The gage of the air-pump 
ſhowed the degree of rarity of the air under the re- 


ceiver, and conſequently of that filling the globe and 
cylinder, and immediately ſurrounding the ther- 


mometer. 


With this inſtrument, the weather being clear 
and fine, the mercury in the barometer ſtanding 
at 25 inches 9 lines, the thermometer at 155, and 
the hygrometer at 47, I made the following Ex- 


periments. 

_ (Exp: Ns 20. * N (Exp. No 21.) . (Exp. No 22.) 
Thermometer No 4 " Thermometer No 4. Thermometer No 4. 
Surrounded by com- | Surrounded by air ra- | Surrounded by air ra- | 

mon air, barometer | refied by pumping till the | refied bypumping till the 

ſtanding at 27 inches | barometer-gage ſtood at | barometer-gage ſtood at 
lines. 6 inches 114 ＋ t inch 2 lines. 5 
Taken out of freezing | Taken out reezing | Taken out ee 

water, and ed into | water, and unged into water, and 2 

boiling water. boiling water. boiling water. 

Time Heat Time Heat Time Heat: 
elapſed, acquired, elapſed. acquired. . elapſed. acquired. 
— — 00 — 00 — 09 of 
M. 8. o M. S. 0 8. 0. 

o 31 10 0 31 10 0 29 10 

0 40 20 © 38 20 o 36 20 

9 41 30 © 44 39 © 49 39 

p 47 40 0 31 40 1 1 40 | 

4 1 7 | 1 1 0 

I 11 | bo 1 19 ' bo 124 Zo 

22 | 2 27 0 2 31 70 

10 17 bo 10 21 0 not obſerved, 80 

17 36 = total time 7 47 = total time 7 51 = total time 

of heating from © to [of from oo to | of heating from oo to 

. goal Pris 70: — I 


The reſult of theſe Experiments, I Cache ſur- 
* me not a little ; but the diſcovery of truth 


ng 
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being the ſole object of my inquiries (having no 


favourite theory to defend) it brings no diſappoint- 
ment along with it, under whatever unexpected 
ſhape it may appear. I hope that further Experi- 
ments may lead to the diſcovery of the cauſe why 
there is fo little difference in the conducting powers 
df air of ſuch very different degrees of rarity, while 
there is ſo great a difference in the conducting 
powers of air, and bf the Torricellian vacuum. At 
„I shall not venture any conjectures upon 
1e fubject; but in the mean time I dare to aſſert, 
that the Experiments I have made tray be de- 
pended on. 


The time of my ſtay at Manheim being expired 
(having had the honour to attend thither his moſt 


Serene Highneſs the Elector Palatine, reigning 
Duke of Bavaria, in his late journey), I was pre- 
vented from purſuing theſe | inquiries further at 
that time; but I ſhall not fail to recommence them 
the firſt leiſure moment I can find, which I fancy 
will be about the beginning of. the month of No- 


vember. In the mean time, to enable myſelf to 


purſue them with effect, I am ſparing neither la- 


bour nor expence to provide a complete apparatus 


neceſſary for my purpoſe ; and his Electoral High- 
neſs has been graciouſly pleaſed to order M. Ax- 


| TARIA (Who is in his ſervice) to come to Munich 
to aſſiſt me. With ſuch a Patron as his moſt Se- 


-rene Highneſs, and with ſuch an aſſiſtant as Ax- 
'TARIA, I ſhall go on in my purſuits with cheartul- 
nels, Would, to God that my labours might be 
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I ſhall conclude this chapter with aſhort account 

of, ſome Experiments I have made to determine 
2 conducting powers of water and of mercury; 
and with a table, ſhowing at one view the conduct- 
ing powers of all the different mediums which 1 
have examined. 
_ Having filled the glaſs globe incloſing the bulb 
of the thermometer No 4, firſt with water, and then 
with mercury, I made the following Experiments, 
to aſcertain. the conducting e of thoſe wy 
Fluids. 


| (Exp. Nag) | | (Exp. N agrand e 
Thermometer No 4. Thermometer No 4. 
eee by water. { Surrounded by 
"Fae water, and | Taken out of freming ater keene inc 
_y belng water 
"ml r THY ARES. a ung 
= NIEL Heat acquired. | —— * 2 
f 7 Ex. No N E £ 
— | — o® 
1 M 8. 0 M. 8. +, M. . S. M. S. f N ( = 
0 | 10 o© 5 „„ d fol 
-0 + 20 9 4 0 2 0 5 20 
0 It 40 © 4 © 5 2 40 
0 Ig 50 oO 4 9 8 7 X 
© 21 80 i o 7 o 4 o 8 2 
© 34 70 4 01 0 9 0 14 70 
2 173 80 Norobterved. o 3 Not obſerved. 80 
— 0 — — — — — — > 
1 $57-= total time of heat- 0 41 0 31 o = total 
ling fm of yy. [mer being hom oft 70 SEG 


The total ta of heating Ne este v0 in the 
three Experiments with mercury being 41 ſeconds, 
0 3 31 ſeconds, 
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31 ſeconds, and 49 ſeconds, the mean of theſe 


times is 36+ ſeconds ; and as in the Experiment 


with water the time employed in acquiring the 
ſame degree of Heat was 1 57 ='117 ſeconds, it 
appears from theſe Experiments, that the conduQ- 
ing power of mercury to that of water, under the 


circumſtances deſcribed, is as 367 to 117 inverſely, 
or as 1000 to 313. And hence it is plain, why 


mercury appears ſo much hotter,” and ſo much 


colder, to the touch than water, when in fact it is 


of the ſame temperature : for the force or violence 
of the ſenſation of what appears hot or cold depends 
not entirely upon the temperature of the body ex- 
citing in us thoſe ſenſations, or upon the degree of 
Heat it actually poſſeſſes, but upon the quantity of 


Heat it is capable of communicating to us, or re- 


ceiving from us, in any giyen ſhort period of time, 
or as the intenſity of the communication ; and'this 


depends in a great meaſure upon the nn 


powers of the bodies in queſtion. 


The fenſation excited in us when we touch any 
thing that appears to us to be hot is the entrance 


of Heat into our bodies; that of cold is its exit; 
and whatever contributes to facilitate or accelerate 


this communication adds to the violence of the 


| ſenſation, And this is another proof that the ther- 
mometer cannot be a juſt meaſure of the * 

of the ſenſible Heat, or Cold, exiſting in bodies; 

rather, that the touch does not afford us a * in· 
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A TABLE of the conducTING PowERs of the under 
mentioned MEDIUMS gs lors by the fore- 


going CIR 
Therm. Thermometer Ne 4. 
. out of freexing water, and plunged into boiling water. 
Time elapſed. 
22318 3 | BY 33|7 
* 38 «|| * = " = * H Q 882 8 
x ls o |-vil o 2 82 5 2 3 
[325 | 22% | 22A 132 £4 | 5= | PEE Io 
55 I 
LY 9 1 2 
85 * & — S 2. ——_ * — 
rr 
M. s. M. Ss. M.S. | M. s. M. Ss. M. s. M. s. , 
0 62 0 31 0 31 0 0 6 0 1 . | 
o 58 9 15 o 38 9 30 o 4 | © : 3025 
17 0 4 4044 {049 | 0 5 o. 9 1.9. 241-30 
11 o 47 o g1 Ws uM 0 11 o 4140 
125 1 4 ee. 0 18 ss, ee 
1 58 1 2 1 19 124 | 026 | 021 | © 6 80 
319 |- 22 2 27 2.31 o 43 034 1 ©1234] 70 | 
11 57 [10 17 | 10 21 | — 7 45 | 2 13 o 58 | 80 
— —ñ—— — — — — —— — _ — / 
10 53 7.36 7 1 F'51. 1 57, of total 
times of heating from 09 io ger 5 : * 36] - f 
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In determining the relative n powers | 
of theſe” mediums, I have compared the times 
of the heating of the thermometers from 0? to 70? + 
inſtead of taking the whole times from o' to 89?, 
and this I have done on account of the ſmall vari- 
ation in the Heat of the boiling water ariſing from 
the variation of the weight of the atmoſphere, and 
alſo on account of the very flow motion of the 
mercury between the 7oth and the 89th, degrees, 
and the difficulty of determining the preciſe mo- 
GG 4 


ment 
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ment when the nee. goth 
degree. 

Taking now the conducting power of mercury 
=1000, the gonducting powers of the other me. 
diums, as etermined by theſe Experiments, will 
be as follows, viz 


| 8 . 


Moiſt air 8 330 
Water 4 313 
Common air, denſity 1 80 N 
Rarefied air, denfity=z 804 
Rarefied air, denſity a . 78 
The Torricellian vacuum 55 


And in theſe proportions are the quantities of Heat 
which theſe different mediums are capable of tranſ- 
mitting in any given time; and conſequently theſe 


numbers expreſs the relative /en/ible temperatures 


of the mediums, as well as their conducting 
powers. How far theſe deciſions will hold good 
under a varlation of circumſtances experiment 
only can determine. This is certainly a ſubject 
of inveſtigation not leſs curious in itſelf than it 
is intereſting to mankind; and I wiſh that what 1 
have done may induce others to turn their atten- 
tion to this long neglected field of experimental 
inquiry. For my own part, revenge tiny 
to quit it. 

In the future ene of theſe mquiries, I'do 
not mean to confine in ace ney Are?" We 
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ing of the conducting powers of Fluids; on the 
_ contrary, ſolids, and particularly ſuch. bodies as 

are. made uſe of for cloathing, will be principal 
ſubjects of my future Experiments. I have indeed 
already begun theſe reſearches, and have made ſome 
progreſs in them; but I forbear to anticipate a 
matter which wall be the ſubjeQ of a reer com- 
munication. 
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The "relative Warnth of various 8 ubſtances uſed 
- in. making artificial Choathing, determined by Ex- 

+: periment.— Relative Warmth. of Coverings of the 

ame Thickneſs, and formed of the ſame Subſtance, 

but of different Denſities. —Relative Warmth of 
Coverings formed of equal Quantities of the ſame 
Subſtance, diſpoſed in different Mays. Experi- 
ments made with a View to determining how far the 
Power which certain Bodies poſſeſs of confining 
Heat depends on their chemical Properties. — Ex- 

_ periments with Charcoal—with Lampblack—with 
Woodaſhes—Striking Experiments with Semen 
Lycopodii.— All theſe Experiments indicate that the 
Air which occupies the Inter/tices of Subſtances 
uſed in forming Coverings for confining Heat, afts a 
very important Part in that Operation. —T hoſe Sub. 

ances appear to prevent the Air from conducting 
the Heat. An Inquiry concerning the Manner in 
which this is effected. This Inquiry leads to a 
decifrue Experiment from the Reſult of which it 
appears that Air is a perfect Non- conductor of 
Heat. 7h Diſcovery affords the Means of ex- | 
Nlaining a Variety of intereſting Phenomena in „„ 
¶ Economy of Nature. 


[Read before the RovAL SocreTy, January 19, 1792.] | * 


T HE confining and directing of Heat are objects | 
1 of ſuch vaſt importance in the ceconomy of 


human life, that I have been induced to confine my 
reſearches 


Of the Propagation" of Heat, &. ay 
reſ-arches chiefly to thoſe points, conceiving that 
very great advantages to mankind could not fail'to 
be derived from the diſcovery of any new fads re- 
lative to theſe operations. 1 

2 — of Heat n 
one body to another were known, meaſures might 
be taken with certainty, in all caſes, for confining 
it, and directing its operations, and this would not 
only be productive of great œconomy in the articles 
of fuel and clothing, but would likewiſe greatly 
increaſe the comforts and conveniencies of "life; 
objects of which the Fuerte ſhould never loſe 
ſight. 

"The route which T have followed i in this ily 
is that which I thought bid faireſt to lead to uſeful 
diſcoveries. Without embarraſſing myſelf with any 
particular theory, I have formed to myſelf a plan of 
experimental inveſtigation, which I conceived would 
conduct me to the knowledge of certain fats, of 
which we are now ignorant, or very imperfectly in- 
formed, and with which it is of Wanne that 
we ſhould be made acquainted. 

The firſt great object which J had in view 1 this 
enquiry was to aſcertain, if poſſible, the cauſe of the 
warmth of certain bodies; or the circumſtances 
upon which their power of confining Heat depends. 
This, in other words, is no other than to determine 
the cauſe of the conducting and non- . 
power of bodies, with regard to Heat. 

To this end I began by determining by actual 
experiment the relative conducting powers of 'va- 

rious 


4360 Of the Propagation of Heet 


rious bodies of very different natures, both fluids 
and ſolids, of ſome of which Experiments I have 
already given an account in the Paper above men- 
tioned, which is publiſhed in the Tranſactions of 
the Royal Society for. the year 1786; I ſhall now, 
taking up the matter where I left it, give the con- 
unden of the hiſtory of my reſearches. 

HFlaving diſcovered that the Torricellian vacuum 


is a much worſe conductor of Heat than common 


air, and having aſcertained the relative conducting 
powers of air, of water, and of mercury, under dif- 
ferent circumſtances, I proceeded to examine the 
conducting powers of various ſolid bodies, and par- 
ticularly of ſuch ſubſtances as are AL made 
uſe of for clothing. 

The method of making theſe Experiments was / as 
"follows: a mercurial mmer. (ſee Fig. 4, 
whoſe bulb was about 2 of an inch in diameter, 
And its tube, about 10 e in length, was ſuſ- 
pended in the axis of a cylindrical glaſs tube, about 
Z of an inch in diameter, ending with a globe 12 
inch in diameter, in ſuch a manner that the centre 
of the bulb of the thermometer occupied the centre 
.of the globe; and the ſpace between the internal 
ſurface of the globe and the ſurface of the bulb of 
the thermometer being filled with the ſubſtance 


whoſe conducting power was to be determined, the | 


inſtrument was heated in boiling water, and after- 
wards being plunged into, a freezing mixture of 
pounded ice and water, the times of cooling were 
. and noted down. | 5 
| The 
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© The tube of the thermometer was divided at 
Every tenth degree from 0, or the point of freezing, 
"to 80˙zwꝗ that of boiling water, and theſe diviſions 
being marked upon the tube with the point of a 
diamond, and the cylindrical tube being left empty, 
the height of the mercury in the tube of the ther- 
mometer was ſeen through it. 

The thermometer was confined in its place by 
means of a ſtopple of cork, about 1+ inch long, 
fitted to the mouth of the cylindrical tube, through 
the centre of which ſtopple the end of the tube of 
the thermometer paſſed, and in which it was ce· 
mented. 

The operation of introducing into the globe the 
ſubſtances whoſe conducting powers are to be de- 
termined, is performed in the following manner; ; 
the thermometer being taken out of the cylindri- 
cal tube, about two-thirds of the ſubſtance which is 
to be the ſubject of the Experiment are introduced 
into the globe; after which, the bulb of the ther- 
mometer is introduced a few inches into the cylin- 
der; and, after it, the remainder of the ſubſtance 
being placed round about the tube of the thermo- 
meter; and laſtly, the thermometer being i intro: 
duced farther into the tube, and being brought i into 
its proper place, that part of the ſubſtance which, 
being introduced laſt, remains in the cylindrical 
tube above the bulb of the thermometer, is puſhed 
down into the globe, and placed equally round 
the bulb of the thermometer by means of a 
braſs wire which is paſſed through holes made for 
15 that 
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that purpoſe e — 
cylindrical tube. 


As this inſtrument is calculated merely for mea- 
furing the paſſage of Heat in the ſubſtance whoſe 
conducting power is examined, I ſhall give it the 
name of paſſage-thermometer, and I ſhall apply the 
fame appellation to all other inſtruments conſtructed 
upon the ſame principles, and for the ſame uſe, 
which I may in future have occaſion to mention; 
and as this inſtrument has been ſo particularly de- 
ſcribed, both here, and in my former. Paper upon 
the ſubject of Heat, in ſpeaking of any others of the 
fame kind in future it will not be neceſſary to enter 
into ſuch minute details. I ſhall, therefore, only 
mention their /izes, or the diameters of their bulbs, 
the diameters of their globes, the diameters of their 
cylinders, and the lengths and diviſions of their 
tubes, taking it for granted that this will be quite 

ſufficient to give a clear idea of the inſtrument. 
I] moſt of my former Experiments, in order to 
aſcertain the conducting power of any body, the 


body being introduced into the globe of the paſſage- 


thermometer, the inſtrument was cooled to the 
temperature of freezing water, after which, being 
taken out of the ice water, it was plunged ſuddenly 
into boiling water, and the times of heating from 
ten to ten degrees were obſerved and noted; and [ 
ſaid that theſe times were as the conduiing power 
the body inverſely ; but in the Experiments of 

| which I am now about to give an account, I have 
In general reverſed the operation; that is to ſay, 
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inſtead of obſerving the times of heating, I have 
firſt heated the body in boiling water, and then 
plunging it into a mixture of pounded ice and ĩce- 
cold water, I have noted the times taken up in cooling. 
I have preferred this laſt method to the former, 
not only on account of the greater eaſe and conveni- 
ence with which a thermometer, plunged into a mix- 
ture of water, may be obſerved, than when placed in 
a veſſel of boiling water, and ſurrounded: by hot 
ſteam, but alſo on account of the greater accuracy 
of the Experiment, the heat of boiling water va- 
rying with the variations of the preſſure of the ar- 
moſphere : conſequently the Experiments made 
upon different days will have different reſults, and 
of courſe, ſtrictly ſpeaking, cannot be compared 
together ; but the temperature of pounded ice and 
water is ever the ſame, and of courſe the reſults * 
the Experiments are uniform. | 
In heating the thermometer, I did not in . 

being i it to the temperature of the boiling water, as 
this temperature, as I have juſt obſerved, is variable; 
but when the mercury had attained the 75* of its 
ſcale, I immediately took it out of the boiling 
water, and plunged it into the ice and water; 
or, which I take to be ſtill more accurate, ſuffering 
the mercury to riſe a degree or two above 75*, and 
then taking it out of the boiling water, I held ĩt 
over the veſſel containing the pounded ice and 
water, ready to plunge it into that mixture the mo- 
ment the mercury, deſcending, paſſes the 7 5". 
Having a watch at my ear which beat half ſe- 

conds (which I counted), I noted the time of the 


| , | 
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paſſage of the mercury over the diviſions of the 

thermometer, marking po! and every tenth degree 


from it, deſcending to 10 of the ſcale. I continued 


the cooling to o, or the temperature of the ice and 
water, in very few inſtances, as this took up much 
time, and was attended with no particular ad- 
vantage,.the determination of the times taken up in 
cooling 60 er of Reaumur's ſcale, that is to 
fſay, from yo" to 10%, being quite ſufficient to aſcer- 
_ the conducting power of any body whatever. 

During the time of cooling in ice and water, the 
| eee, was conſtantly moved about in this 
mixture from one place to another; and there was 
always fo much pounded ice mixed with the water, 
that the ice appeared above the ſurface of the water; 
te veſſel, which was a large earthen jar, being firſt 

quite filled with pounded ice, and the water being 
afterwards poured upon it, and: freſh quantities of 
| pounded ice being added as the occaſion required. 
Having deſcribed the apparatus made uſe of in 
theſe Experiments, and the manner of performing 
the different operations, I ſhall now proceed to give 
— account of the Experiments themſelves. 

My firſt attempt was to diſcover the relative con · 
dung powers of ſuch ſubſtances as are commonly 


made uſe for clothing; accordingly, having pro- 


cured a quantity of raw ilk, as ſpun by the worm, 
ſheep's wool, ' cotton-4wool, linen in the form of the 
-fineft lint, being the ſcrapings of very fine Iriſh 
linen, the fineſt part of the fur of the beaver ſepa- 
. -rated from the ſkin, and from the long hair, the 
| inieſt part of the fur of a white Ruſſian EIN 


— 
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ue don 5 I introduced ſucceſſively 16 grains in 
weight of each of theſe ſubſtances into the globe of 
the paſſage-thermometer, and placing it carefully 
and equally round the bulb of the thermometer, I 
heated the thermometer in boiling water, as before 
deſcribed, and taking it out of the boiling water, 
plunged it into pounded ice and water, and ob- 
ſerved the times of cooling. 

But as the interſtices of theſe bodies thus placed 
in the globe were filled with air, I firſt made the 
Experiment with air alone, and took the reſult of 
that Experiment, as a ſtandard by which to com- 
pare all the others; the reſults of three e 


ments with air were as follows: 


ah. 


The bulb of the thermometer ſurrounded by air. 


7 Exp. No. 1. Exp. No. 2. Exp. No. 3. 
— „ 
Heat loſt. 
| Time Time | quired. | Time 
elapſed. | elapſed. elapſed. 


, 
zo? 79 $0? 67 
20? 122 122 60 
10® 231 230 70? 175 


| [Total times. 576 574 | ues 473 K | 
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The following Table ſhows the reſults of the 
Experiments, with the en ſubſtances therein 
mentioned: 


10 231489 426 378] 376 478 | 494| 485 


5 5 "14:19; 1.12.7 23 5 | 
1 1224 $21$* [8% [42 1 1* 35 
* p a 5 8 [3 8 

Exp — 4. Exp. 5. Exp. TE 7. Exp. 8. Exp. 9. 10. 

TE ' — — — ” wy: — — wry 

o 3 , 94” 79” * , 4. 4 9 N 

50 46 110 95 95 93 12 117 | -216 | 

40? 59 133 218 | 17 | 215 153 144 | 146 

30⁰ Yo 185 162152 | 150 | 185 | 193 | 192 

200 122 273238221 | 218 | 26 270 | 268 


Now the warmth of a body, or its power to con- 
fine Heat, being as its power of reſiſting the paſſage 
of Heat through it, (which I ſhall call its non-condudt- 
ing power,) and the time taken up by any body in 
cooling, which is ſurrounded byany medium through 
which the Heat is obliged to paſs, being, cæteris pa- 
ribus, as the reſiſtance which the medium oppoſes 
to the paſſage of the Heat, it appears that the warmth 
of the bodies mentioned 'in the foregoing Table 
are as the times of cooling; the conducting powers 
being inverſely as thoſe — as I have formerly 
ſhown. 

From the reſults of the foregoing Experiments 
it appears, that of the ſeven different ſubſtances 
made uſe of, hares fur and Eider down were the 

warmeſt; : 


Total times. 576 | 1284 1118 | 1046 | 1032 | 1296 21315 x30s | 
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warmeſt; after theſe came beavers fans raw ſilk; 
ſheep's wool; cotton wool ; and laſtly, lint, or the 
ſcrapings of fine linen; but I acknowledge that the 
differences in the warmth of theſe ſubſtances were 
much leſs than I expected to have found them. 
Suſpecting that this might ariſe from the vo- 
lumes or ſolid contents of the ſubſtances being 
different, (though their weights were the fame,) 
ariſing from the difference of their ſpecific gravities; 
and as it was not eaſy to determine the ſpecific gra- 
vities of theſe ſubſtances with accuracy, in order to 
ſee how far any known difference in the volume 
or 33 of the ſame ſubſtance, confined always 
i fame ſpace, would add to or diminiſh the 
time of cooling, or the apparent warmth of the 
covering, I made the three following Experi- 
ments. 
In the firſt, the bulb of the thermometer was ſur- 
rounded by 16 grains of Eider down; in the ſe- 
cond by 32 grains; and in the third by 64 grains; 
and in all theſe Experiments the ſubſtance was 
made to occupy exactly the ſame ſpace, viz. the 
whole internal capacity of the glaſs globe, in the 
centre of which the bulb of the thermometer Way 
placed ; conſequently the thickneſs of the covering 
of the thermometer remained the fame, while its 
denſity was varied in proportion to the numbers . 
r, 2, and 4. 
Ihe reſults of theſe Experiments were as follow: 
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The bulb of the thermometer being ſurrounded | 0 


by Eider down. 2 
Heat loſt. | 16 grains. | 32 grains. | 64 grains. 
f (Exp No. 11.) (Exp. No. 12.) (Exp. No. 13.) | 
70® — e er 
60? 99" r 
50 12 128 130 a 
40? . 6 
30 192 207 224 
20? 267 304 |. 326 
10? 486 565 658 
| Total times. 1304 1472 | 1615 


td. _ 


Without ſtopping at preſent to draw any par- 


ticular concluſions from the reſults of theſe Ex- 
_ periments, I ſhall proceed to give an account oh 


ſome others, which will afford us a little further 
inſight into the nature of ſome of the circumſtances 
upon which the warmth of covering depends. 
Finding, by the laſt Experiments, that the denſity 
of the covering added ſo conſiderably to the 
warmth of it, its thickneſs remaining the ſame, 
I was now deſirous of diſcovering how far the inter- 
nal ſtructure of it contributed to render it more or 
leſs pervious to Heat, its thickneſs and quantity 
of matter remaining the ſame. Buy internal ſtrug- 
ture, I mean the difpoſition of the parts of the 
ſubſtance .which forms the covering; thus they 


may be extremely divided, or very fine, as — 
| fi 
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filk as ſpun by the worms, and they may be 
equally diſtributed through the whole pace they 
occupy; or they may be coarſer, or in larger 
maſſes, with larger interſtices, as the ravelings of 
cloth, or cuttings of threads. 

If Heat paſſed through the ſubſtances made uſe 
of for covering, and if the warmth of the covering 
depended ſolely upon the difficulty which the Heat 
meets with in its paſſage through the ſubſtances, or 
ſolid parts, of which they are compoſed; in that 
caſe, the warmth of covering would be always, 
cateris paribus, as the quantity of materials of 
of which it is compoſed ; but that this is not the 
caſe, the following, as well as the foregoing Expe- 
riments clearly evince. 

Having, in the Experiment N' 4, af 
the warmth of 16 grains of raw ſil 
peated the Experiment with the fame quantity, 
or weight, of the ravelings of Hi 
afterwards with a like quantity of common ſewing 
filk, cut into lengths of about two inches. | 

The following Table ſhows the reſults of theſe 


three Experiments : 


. 4 © 15 7 T 1 7 | 

4 3 8 b Ae 1 
yy I 1 p 2 2 E on | 
3 ? 7: 


70% 4288 Fen ” " IRE af 
60? 94 go” 67” | 


50 } 110 106 79 
40? 133 128 99 

185 172 135 
| 20* 273 | 246 | 195 

Ws (x 489 427, | 342 


_ [Total times. 7 1284 1169 917 


Here, notwithſtanding that the quantities of the 
ſilk were the ſame in the three Experiments, and 
though in each of them it was made to occupy the 
ſame ſpace, yet the warmth of the coyerings which 
were formed were very different, owing to the dif, 
ferent diſpoſition of the material. | 

The raw ſilk was very fine, and was very equally 


diſtributed through the ſpace it occupied, and it 


formed a warm covering. 

The ravelings of taffety were alſo fine, but not 
_ fo fine as the raw ſilk, and of courſe the interſtices 
between its threads were greater, and it was leſs 
warm ; but the cuttings of ſewing ſilk were very 
pearls, and conſequently it was very unequally dif- 
. tributed in the ſpace in which it was confined ; and 
it made a very bad covering for confining Heat. 
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It is clear from the reſults of the five laſt Experi- 
ments, that the air which occupies the interſtices 
of bodies, made uſe of for covering, acts a very 
important part in the operation of confining Heat; 
yet I ſhall poſtpone the examination of that circum. 
ſtance till I ſhall have given an account of ſeveral 
other Experiments, which, I think, will throw ſtill 
more light upon that ſubject. 

But, before I go any further, I will give an ac» 
count of three Experiments which I made, or ra- 
ther the ſame Experiment which I repeated three 
times the ſame day, in order to ſee how far they 
may be depended on, as being regular 1 in their re- 
ſults. 

The glaſs globe of the paſſage-thermometer 
being filled with 16 grains of cotton-wool, the in» 
ſtrument was heated and cooled three times ſuceeſ- 
ſively, when the times of cooling were obſerved as 


follows ; - 


| 60 e 
50? 96 95 95 
2 „ „ ws 
2 182 
ot 221 221 220 | 

„ 


Total times.| 1049 | 1047 | 1942 


The difference of the times of cooling in theſe 
three Experiments were extremely ſmall; but re- 
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as theſe Experiments appear to have been in 
their reſults, they were not- more ſo than the other 
Experiments made in the ſame way, many of which 
were repeated two or three times, though, for the 
fake of brevity, I have put them down as ſingle 
Experiments. 
But to proceed in the account of my wellig 
tions relative to the cauſes of the warmth of warm 
clothing. Having found that the fineneſs and equal 
diſtribution of a body or ſubſtance made uſe of ta 
form a covering to conſine Heat, contributes ſo 
much to the warmth of the covering, I was de- 
| firous, in the next place to ſee the effect of con- 
denſing the covering, its quantity of matter re- 
maining the ſame, but its thickneſs being diminiſhed 
in proportion to the increaſe of its denſity, 
The Experiment I made far this purpoſe was as 
follows :—]I took 16 grains of common ſewing 
 filk, neither very fine nor very coarſe, and winding 
it about the bulb of the thermometer in ſuch a 
manner that it entirely covered it, and was as 
nearly as poſſible of the ſame thickneſs in every 
part, I replaced the thermometer in its cylinder and 
globe, and heating it in boiling water, cooled it in 
ice and water, as in the foregoing Experiments. 
The reſults of the Experiment were as may be ſeen 
in the following Table; and in order that it may 
be compared with thoſe made with the fame quan- 


tity of ſilk differently diſpoſed of, I have placed 


theſs Eren by the fide of it: 


Wd 6) — 22 
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E 
60 94 90 67 4 | 
50 110 106 79 62 
40? 133 128 99 86 
0? 185 172 135 121 
n 246 195 191 
io | 489 47 | 342 | 399 | 
Total ties. 1214 1169 917 | 904 


It is not a little remarkable, that, though the 
covering formed of ſewing filk wound round the 
bulb of the thermometer in the 19th Experiment, 
appeared to have ſo little power of confining the 
Heat when the inſtrument was very hot, or when 
it was firſt plunged into the ice and water, yet af. 
terwards, when the Heat of the thermometer ap- 
proached much nearer to that of the ſurrounding 
medium, its power of confining the Heat which re- 
mained in the bulb of the thermometer appeared to 
be even greater than that of the filk in the Bret. 
ment Ne 15, the time of cooling from 20? to 10*˙ 
being in the one 399“, and in the other 342”. The 
ſame appearance was obſerved in the following 
Experiments, in which the bulb of the thermome- 
ter was ſurrounded by threads of wool, of cotton, 
and of linen, or flax, wound round it, in the like 
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manner as the ſewing filk was wound round it in 
the laſt Experiment. 

The following Table ſhows the reſults of theſe 
Experiments, with the threads of various kinds; 
and that they may the more eaſily be compared 
with thoſe made with the ſame quantity of the ſame 
ſubſtances in a different form, I have placed the ac- 
counts of theſe Experiments by the ſide of each 
other. I have alſo added the account of an Expe- 
riment, in which 16 grains of fine linen cloth were 
wrapped round the bulb of the thermometer, going 
roung it nine times, and being bound together 
at the top and bottom of it, ſo as completely to 
cover it. ; 


— 
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That thread wound light round the bulb of the 
thermometer ſhould form a covering leſs warm 
than the ſame quantity of wool, or other raw ma- 


terials | 
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terials of which the thread is made, ſurrounding 
the bulb of the thermometer in a more looſe man- 
"ner, and conſequently occupying a greater ſpace, 
is no more than what I expected, from the idea I 
had formed of the cauſes of the warmth of cover- 
ing; but I confeſs I was much ſurpriſed to find' 
that there is ſo great a difference in the relative 
warmth of theſe two coverings, when they are em- 
ployed to confine great degrees of Heat, and when' 
the Heat they confine is much leſs in proportion to 
the temperature of the ſurrounding medium. This 
difference was very remarkable; in the Experi- 
ments with ſheep's wool, and with woollen thread, 
the warmth of the covering formed of 16 grains of 
the former, was to that formed of 16 grains'of the 
latter, when the bulb of the thermometer was 
heated to 70ꝰ and cooled to G's as 79 to 46 (the 
ſurrounding medium being at o*); but WF, 
when the thermometer had . from 20* to 
10? of Heat, the warmth of the wool was to that 
of the woollen thread only as 426 to 410; and in 
the Experiments with lint, and with linen thread, 
when the Heat was much abated, the covering of 
the thread appeared to be even warmer than that 
of the lint, though in the beginning of the Experi, 
ments, when the Heat was much greater, the lint 
was warmer than the chread, in the proportion of 
80 to 46, 

From hence it ſhould ſeem that a covering may, 
under certain circumſtances, be very good for con- 
fining ſmall degrees of warmth, which wonld be 

but 
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but very indifferent when made uſe of for, confining 
a more intenſe Heat, and vice verſa. This, I be- 
lieve, is a new fact; and, I think the knowledge of 
it may lead to farchep diſcoveries relative to the 
cauſes. of the warmth of coverings, or the manner 
in which Heat makes its paſſage through them. 
But 1 forbear to enlarge upon this ſubject, till I 
ſhall have given an account of ſeveral other Expe- 
riments, which I think throw more light upon. it, 
and which will confequently render the inveſtiga- 
tion eaſter and more ſatisfactory. | 

With a view to determine how far the power 
which certain bodies appear to poſleſs of confining 

Heat, when made uſe of as covering, depends 

upon the natures of thoſe bodies, conſidered as 

chymical ſubſtances, or upon the chymical prin. 

ciples of which they are compoſed, I made the 
Cage Experiments, 

As charcoal is ſuppoſed to be 1 almoſt 
8 of phlogiſton, I thought that, if that prin- 
ciple was the cauſe either of the conducting power, 
or the non- conducting power of the bodies which 
contain it, I ſhould diſcover it hy making the Ex- 0 
periment with Charcoal, as I had done with various : 

W 
al 
in 


ather bodies. Accordingly, having filled the globe 
of the paſſage· thermometer with 176 grains of that 
fubſtance in very fine powder, (it having been 
| pounded in a mortar, and ſifted through a fine 
ſieve,) the bulb of the thermometer being ſur- 


: rounded by this powder, the inſtrument was heated W 
in boiling water, and being afterwards plun ged 4 


into 
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into a mixture of pounded ice and water, the 
times of cooling were obſerved as mentioned in the 
following Table. I afterwards repeated the Expe- 
riment with lampblack, and with very pure and 
very dry wood aſhes; the reſults of which e 
ments were as under- mentioned: 


b The bulb of the thermometer ſurrounded by * 


176 grains oli 76 grains © grains of 30 grains off 
Heat loſt. fine powder| fine powder] la k 1 , pure dry 
of charcoal.| of charcoal. wood aſhes. 


| | Exp. No. 24.|Exp. No. 25. Exp. No. 26.|Exp. No, 27. 


70 — —— — — 
60? 79" ; | g1” 124” 96 
4 $50? 95 91 118 92 
40® 100 109 134 107 
z0* 139 133 164 136 


20? 196 192 237 188 
10? 331 321 394 311 | 


[Tora times. | 940 | 937 | 1171 927 


The Experiment No. 25 was ſimply a repetition 
of that numbered 24, and was made immediately 
after it ; but, in moving the thermometer about in 
the former Experiment, the powder of charcoal 
which filled the globe was ſhaken a little together, 
and to this circumſtance I attribute the difference 
in the reſults of the two Experiments. 

In the Experiments with lampblack and with 
wood aſhes, the times taken up in cooling from 
70* to 60* were greater than thoſe employed in 
cooling from 60? to 50 this moſt probably aroſe 

from 
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from the conſiderable quantity of Heat contained 
by theſe ſubſtances, which was firſt to be diſpoſed 
of, before they could receive and communicate to 
the ſurrounding medium that which was contained 
by the bulb of the thermometer. 


The next Experiment I made was with emen 


Iycopodii, commonly called witch-meal, a ſubſtance 
which poſſeſſes very extraordinary properties. It is 
almoſt impoſſible to wet it ; a quantity of it ſtrewed 
upon the ſurface of a baſin of water, not only 
fwims upon the water without being wet, but it 
prevents other bodies from being wet which are 
plunged into the water through it; ſo that a piece 
of money, or other ſolid body, may be taken from 
the bottom of the baſin by the naked hand, with- 
out wetting the hand ; which is one of the tricks 
commonty ſhown by the jugglers in the country + 
this meal covers the hand, and deſcending along 
* with it to the bottom of the baſin, defends it from 
the water. This ſubſtance has the appearance of 
an exceeding fine, light, and very moveable yellow 
powder, and it is very inflammable ; ſo much ſo, 
tat being blown out of a quill into the flame of a 
- candle, it flaſhes like gunpowder, and it is made 
. of in this manner in our e for i Rs 
h 

n that there muſt have been a ſtrong 
attraction between this ſubſtance and air, and ſuſ- 
pecting, from ſome circumſtances attending ſome 
of the foregoing Experiments, that the warmth of 
à covering depends not merely upon the e 
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the ſubſtance of which the covering is formed, and 
the diſpoſition of its parts, but that it ariſes in ſome 
meaſure from a certain attraction between the ſub- 
ſtance and the air which fills its interſtices, I thought 
that an Experiment with ſemen lycopodii might poſ- 
ſibly throw ſome light upon this matter; and in 
this opinion I was not altogether miſtaken, as will 
appear by the reſults of the three following Expe- 
riments. 


The bulb of the thermometer ſurrounded by 
256 grs. of ſemen lycopodii. 
2 2 | Cooled. | Cooled. „ 
; | [Exp. No 25 Exp. No. 29. acquired. rp. No. 30. 
$a Waiſt Mee | 
60? 146 157” 10? 230 
50 162 160 20 68 
1 175 170 300 6 . 
| 30? 209 203 40? 7 
20? 284 288 50? 121 
10? 502 513 60? 316 
_ — <—_ 70? 1585 
(Tora! times. 1478 1491 — 2459 3 


In the laſt Experiment (N* 30) the reſult of 


which was ſo very extraordinary, the inſtrument 
was cooled to oꝰ in thawing ice, after which it was 
plunged ſuddenly into boiling water, where it re- 
mained till the incloſed thermometer had acquired 
the Heat of 70, which took up no leſs than 2456 
ſeconds, or above 40 minutes; and it had remained 

I = 


1 
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in the boiling water full a minute and an half before 
the mercury in the thermometer ſhowed the leaſt 
fign of riſing. Having at length been put into mo- 
tion, it roſe very rapidly 40 or 50 degrees, after which 
its motion gradually abating became ſo flow, that 
it took up 1585 ſeconds, or ſomething more than 
26 minutes, in riſing from 60® to 70%, though the 
temperature of the medium in which it was placed 
during the whole of this time was very nearly 8954 
the mercury in the barometer — but little 
ſhort of 27 Paris inches. 
All the different ſubſtances which I had yet made 
uſe of in theſe Experiments for ſurrounding or 
- covering the bulb of the thermometer, fluids ex- 
cepted, had, in I greater, or in a leſs degree confined 
the Heat, or prevented its paſſing into or out of the 
thermometer ſo rapidly as it would have done, had 
there been nothing but air in the glaſs globe, in the 
centre of which the bulb of the thermometer was 
ſuſpended. But the great queſtion is, how, or in 
what manner, they produced this effect? 
And firſt, it was not in conſequence of their own 
non-conduQting powers, ſimply conſidered ; for, if 
* inſtead of being only bad conductors of Heat, we 
fuppoſe them to have been totally impervious to 
Heat, their volumes or ſolid contents were ſo ex- 
ceedingly ſmall in proportion to the capacity of the 
globe in which they were placed, that, had they 
had no effe& whatever upon the air filling their in- 
terſtices, that air would have been ſufficient to have 
ö condutted all the Heat communicated, in leſs time 
than was actually taken up in the Experiment. 
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contents amounted to 2,14466 cubic inches; and 
the contents of the bulb of the thermometer being 
only 0,08711 of a cubic inch, (its diameter being 
o, 5 5 of an inch, ) the ſpace between the bulb of the 
thermometer and the internal ſurface of the globe 
amounted to 2, 144660, 87 1122, 5755 cubic 
inches; the whole of which ſpace was occupied 
by the ſubſtances by which the bulb of the ther- 
mometer was ſurrounded in the Experiments in 
queſtion. t | ; 

But though theſe ſubſtances occupied this ſpace, . 
they were far from filling it ; by much the greater 
part of it being filled by the air which occupied the 
interſtices of the ſubſtances in queſtion. In the 
Experiment N* 4, this ſpace was occupied by 16 
grains of raw filk ; and as the ſpecific gravity of raw 
ſilk is to that of water as 1734 to 1000, the valume 
of this ſilk was equal to the volume of | 9,4423 
grains of water; and as 1 cubic inch of water weighs 
253,185 grains, its volume was equal to- 
=0,037294 of a cubic inch; and, as the ſpace 
it occupied amounted to 2,05755 cubic inches, it 
appears that the ſilk filled no more than about yy 
part of the ſpace in which it was confined, the 
reſt of that ſpace being filled with air. 

In the Experiment Ne 1, when the ſpace between 
the bulb of the thermometer and the glaſs globe, 
in the centre of which it was confined, was filled 
with nothing but air, the time taken up by the 
thermometer in cooling from 70* to 10˙ was 

VOL, II. 11 | 576 
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576 ſeconds ; but in the Experiment Ne 4, when 
this ſame ſpace was filled with 54 parts air, and 
1 part raw ſilk, inne, 1284 fe. 
conds. 

Nov, ſuppoſing that the alk had deen totally in- 
capable of conducting any Heat at all, if we ſuppoſe, 


at the ſame time, that it had no power to prevent 


the air remaining in the globe from conducting it, 
in that caſe its preſence in the globe could only have 
prolonged the time of cooling in proportion to the 
quantity of the air it had diſplaced to the quantity 
remaining, that is to ſay, as 1 is to 54, or a little 
more than 10 ſeconds. But the time of cooling 
was actually prolonged 708 ſeconds (for in the 
Experiment N? 1, it was 576 ſeconds, and in the Ex- 
periment Ne 4, it was 1284 ſeconds, as has juſt 
been obſerved); and this ſhows, that the ſilk not 
only did not conduct the Heat itſelf, but that it pre- 
vented the air by which its interſtices were filled 
from conducting it; or, at leaſt, it greatly weakened 
| its power of conducting i WE > 

- The next queſtion which ariſes is, how air can 
te prevented from conducting Heat? and this 
neceſſarily involves another, winch is, how does 
air conduct Heat? | 


If air conducted Heat, as it is brcbable that the 


metals and water, and all other ſolid bodies and 
unelaſtic fluids conduct i it, that is to ſay, if its par- 
ticles remaining in their places, the Heat paſſed 

from one particle to another, through the whole 
maß, 


— 
* 
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-maſs,- as there is no Treaſon to ſuppoſe that the pro- 
pagation of Heat is neceſſarily in right lines, I can- 
not conceive how the interpoſition of ſo ſmall a 
quantity of any ſolid body as i part of the volume 
of the air could have effected ſo remarkable a 
diminution of the conducting power of the air, 
as appeared in the Experiment (Ne 4) with raw 
ſilk, above mentioned. | 

If air and water e Hue dene 
manner, it is more than probable that their con- 
ducting powers might be impaired by the ſame 
means; but when I made the Experiment with 
water, by filling the glaſs globe, in the centre of 
which the bulb of the thermometer was ſuſpended, 
with that fluid, and afterwards varied the Experi- 


ment, by adding 16 grains of raw filk to the 


water, I did not find- that the conduQting power 
of the water was ſenſibly impaired by the —_— 
of the ſilk *. 


But we have juſt . that the ſinks filk, mixed 


with an equal volume of air, diminiſhed its con- 
ducting power in a very remarkable degree; con- 
ſequently, there is great reaſon to conclude that 
water and air conduct Heat in a different manner. 


But the following 3 1 think,” puts 
15 matter beyond all doubt. 


© The Experiment here mentioned was mods. in 8 


but the reſult of a more careful inveſtigation of the ſubje& bas ſince 
ſhown that Heat is not propagated in water in the manner here 
is went (See Eſſay VII.) oF - 

ol, 112 1 
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It z well known; that the power which air 
poſſeſſes of holding water in folution is augn 

by Heat, and diminiſned by cold, and that. if hot 
air is ſaturated with water, and if this air is after- 
wards cooled, a escape nn de- 
— | n 

1 tbok a cylindrical vonls of very clear franſ- 
parent glaſs, about 8 inches in diameter, and 12 
inches high, with a ſhort and narrow neck, and 
ſuſpendimg a ſmall piece of linen rag, moderately 
wet, in the middle of it, I plunged it into a large 
Feſſel of water, warmed to about 100® of Fahren. 
heit's thermometer, where I ſuffered it to remain 
till the contained air was not only warm, but tho- 
roughly ſaturated with the moiſture which it attract. 
ed from the linen rag, the mouth of the bottle being 
well ſtopped up during this time with a good cork; 
this being done, I removed the cork for a moment, 
to take away the linen rag, and ſtopping up the 
bottle again immediately, I took it out of the warm 
water, and plunged it into a large cylindrical jar, 
about 12 inches in diameter, and 16 inches high, 


containing juſt ſo much ice- cold water, that, when 


the bottle was plunged into it, and quite 1 2 
by it, the jar was quite full. 

As the jar was of very fitie trahipurent Haſs, 4b 
welt as the bottle, and as the cold water contained 
in the jar was perfectiy clear, I could fee what 
paſſed in the bottle moſt diſtinctiy; and having 
n care to place the jar upon a table near the 

window, 
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window, in a very favourable light, I ſet myſelf to 
obſerve the appearances which ſhould take place, 
with all that anxious expectation which a conviftion 
that the reſult of the eee n. be deciſtve, 
naturally inſpired. Er nd 

I was certain, that the air ct in the bottle 
could not part with its Heat, without at the ſume 
time, that is to ſay, at the ſame moment, and iin the 
ſame place, parting with a portion of its water; if, 
therefore, the Heat penetrated the maſs of air from 
the centre to the furface, or paſſed #brough it from 
particle to particle, in the fame manner as it ds pro. 
bable that it paſſes through water, and all other 
unelaſtic fluids *, by far the greateſt part of the air 
contained in the bottle would part with its Heat, 
when not actually in contact with the glaſi, and a 
proportional part of its water being let fall at the 
ſame time, and in the ſame place, would neeeſſarily 
deſcend in the form of rain; and, though this rain 
might be too fine to be viſible in its deſcent; yet 1 
was ſure I ſhould find it at the bottom of the bottle, 
if not in viſible drops of water, yet in that kind of 
cloudy covering which cold glaſs —_—— from a 
contact with hot ſteam or watery vapour. 
But if the particles of air, inſtead of tha 
cating their Heat from one to another, from the 
centre to the ſurface of the bottle, each in its turn, 
and for itſelf, came to the ſurface of the neg and 


ot This ce reſpeAing the manner in which Heat Haag 
in water, and other unelaſtic fluids, was afterwards found to be « erro- 
778 as hat been ſhown in the preceding Eſſay, 
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there depoſited its Heat and its water, I concluded 
that the "cloudineſs occaſioned by this depoſit of 
water would appear all over the bottle, or, at leaſt, 
not more of it at the bottom than at the ſides, 
but py wot, j and _ I n to be — caſe 
in — 
The cloudineſs firſt Hai its appearance ook 
4 fills of the bottle, near the top of it; and 
from thence it gradually ſpread: itſelf downwards, _ 
till, growing fainter as it deſcended lower, it was 
hardly viſible at the diſtance of half an inch from 
the bottom of the bottle; and upon the bottom 
itſelf, which was nearly-flat, there was ſcarcely the 
| ſmalleſt appearance of cloudineſs. | 
Ihbeſe appearances, I think, are eaſy to be ac- 
counted for. The air immediately in contact with 
the glaſs being cooled, and having depoſited a part 
of its water upon the ſurface of the glaſs, at the 
ſame time that it communicates to it its Heat, 
ſlides downwards by the ſides of the bottle in con- 
ſequence of its increaſed | ſpecific gravity, and, 
taking its place at the bottom of the bottle, forces 
the whole maſs of hot air upwards ; which, in its 
turn coming to the ſides of the bottle, there de- 
poſits ĩ its Heat and its water, and afterwards bend- 
ing its courſe downwards, this circulation is con- 
tinued till all the air in the bottle has acquired the 
exact temperature of the water in the jaar. 
From hence it is clear why the firſt appearance 
of condenſed vapour is near the top of the bottle, 
as allo "oy the n n of vapour is in 
a that 
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that part, nee 
found nearer the bottom of the bottle. - 

This Experiment confirmed me in an coplaich 
which I had for ſome time entertained, that, though 
the particles of air individually, or each for itſelf, 
are capable of receiving and tranſporting Heat, yet 
air in a quieſcent. ſtate, or as a fluid whoſe parts are 
at reſt with reſpect to each other, is not capable of 

conducting it, or giving it a paſſage; in ſhort, that 
Heat is incapable of paſſing through a maſs" of air, 
penetrating from one particle of it-to another, and 
that it is to this circutnſtance” that its' fot-LriduEE. 
ing power is principally-owing. g. 

It is alſo to this circumſtance, in a FRA meaſure, 
chat it is owing that its non- conducting power, or 
its apparent warmth when employed as a covering 
for confining Heat, is ſo remarkably increaſed upon 
its being mixed with a ſmall quantity'of any very 
fine, light, ſolid ſubſtance, ſuch as the raw ſilk, 
fur, Eider down, &c. in the foregoing Experi- 
ments: for as I have already obſerved, though 
theſe ſubſtances, in the very ſmall quantities in 
which they were made uſe of, could hardly have 
prevented, in any conſiderable degree, the air from 
conducting, or giving a paſſage to the Heat, had it 
been capable of paſhng through it, yet they might 
very much impede it in | is SH boy er 
ing it. 23 

But there is another EE ods which it is 
neceflary to take into the account, and that is the 
attraction which ſubſiſts between air and the bodies 

114 above- 
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above-mentioned, and other like ſubſtances, conſti. 
tuting natural and artificial clothing. For, though 
the incapacity of air to give a paſſage to Heat in the 
manner ſolid bodies permit it to paſs through them, 
may enable us to account for its warmth under cer. 
tain circumſtances, yet the bare admiſſion of this 
principle does not ſeem to be ſufficient to account 
for the very extraordinary degrees of warmth which 
ve find in furs and in feathers, and in various other 
kinds of natural and artificial clothing z nor even 
that which we find in ſnow ; for if we ſuppoſe the 

particles of air to be at liberty to carry off the Heat 
which theſe bodies are meant to confine, without 
any other obſtruction or hindrance than that ariſing 
from their vis inertiæ, or the force neceſſary to put 
them in motion, it ſeems. probable that the ſucceſ, 


quent loſs of Heat, would, be much more 1 
than we find it to be in fact. 
That an attraction, and a very ſnong one, AC» 
mall ſubſiſts between the particles of air, and the 
fine hait or furs of beaſts, the feathers of birds, 


; theſe ſubſtances retain the air which adheres to 

them, even when immerſed in water, and. put 

under the receiver of an air-pump; and that this 

_ attraQtion is eſſential to the warmth of theſe bodies, 
I think is very eaſy to be demonſtrated. 

In furs, for inſtance, the attraction between the 


particles of air, and the fine hairs in which it is 


concealed, being greater than the increaſed  elaſ- 


ſion of 'freſh- particles of cold air, and the conſe- 


wool, &c. appears by the obſtinacy with which 


r , 
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ticity, or repulſion of thoſe particles with regard 
to each other, arifing from the Heat communicated 0 
to them by the animal body, the air in the fur, 
though heated, is not eafily diſplaced; and this 
coat of confined air is the real barrier which de- 
fends the animal body from the external cold. 
This air cannot carry off the Heat of the animal, 
becauſe it is itſelf confined, by its attraction to the 
hair or fur; and it tranſmits it with great difficulty, 
if it tranſmits at all, as has been abundantly ſhewn 
by the foregoing Experiments. 8 

Hence it appears why thoſe furs which are the 
fineſt, longeſt, and thickeſt, are likewiſe the warm- 
eſt; and how the furs of the beaver, of the otter, 
and of other like quadrupeds which live much in 
water, and the feathers of water-fowls, are able to 
confine the Heat of thoſe animals in winter, not- 
withſtanding the extreme coldneſs and great con- 
ducting power of the water in which they ſwim. 
The attraction between theſe ſubſtances, and the 
air which occupies their interſtices, is ſo great, that 
this air is not diſlodged even by the contact of 
water, but remaining in its place, it defends the 
body of the animal at the ſame time from being 
wet, and from being robbed of its Heat by the ſur- 
rounding cold fluid; and it is poſſible that the 
preſſure of this fluid upon the covering of air con- 
fined in the interſtices of the fur, or feathers, may 
at the ſame time increaſe its warmth, or non-con- 
ducting power, in ſuch a manner that the animal 
may not, in fact, loſe more Heat when in water, than 

when 


. | \ 
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when in air: for we have ſeen by the foregoing 
Experiments, that, under certain circumſtances, 
the warmth of a covering is increaſed, by bringing 
its component parts nearer together, or by in- 
creaſing its denſity even at the expence of its thick- 
neſs. But this point will be further PI 
hereafter.. 

Bears, wolves, Mien ON wie other like 
quadrupeds, inhabitants of cold countries, which 
do not often take the water, have their fur much 
thicker upon their backs than upon their bellies. 
The heated air occupying the interſtices of the 
hairs of the animal tending tiaturally to riſe up- 
wards,” in © conſequence of its increafed' elaſticity, 
would eſcape with much greater eaſe from the 
backs of quadrupeds than from their bellies, had 
not Providence wiſely guarded againſt this evil by 
increaſing the obſtructions in thoſe parts, which 
entangle it and confine it to the body of the animal. 


And this, I think, amounts almoſt to a proof of 


the principles aſſumed relative to the manner in 
which Heat is carried off by air, and the cauſes of 
the non- conducting power of air, or its apparent 
warmth, when, being combined with other bodies, 
it acts as a covering for confining Heat. 

The ſnows which cover the ſurface of the earth 


in winter, in high latitudes, are doubtleſs deſigned 


by an all-provident Creator as a garment to defend 
it againſt the piercing winds from the polar regions, 
which * Pd the cold 1 

I beſe 
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Thheſe winds, notwithſtanding the vaſt tracts of 
continent over which they blow, retain their ſharp- 
nels as long as the ground they paſs over is covered 
with ſnow; and it is not till meeting with the 
ocean they acquire, from a contact with its waters, 
the Heat which the ſnows prevent their acquiring 
from the earth, that the edge of their coldneſs is 
taken off, and they gradually die away and are 
loſt. ] 

The winds are always found to be much . 
when the ground is covered with ſnow than when 
it is bare, and this extraordinary coldneſs is vul- 
garly ſuppoſed to be communicated to the air by 
the ſnow; but this is an erroneous opinion; for 
theſe winds are in ee much colder than the 
ſnow itſelf. 

They retain their cobdbeks betend the by pre- 
vents them from being warmed at the expence of 
the earth; and this is a ſtriking proof of the uſe of 
the ſnows in preſerving the Heat of the earth du 
ring the winter in cold latitudes. 

It is remarkable that theſe winds ſeldom blow 
from the poles dire&ly towards the equator, but 
from the land towards the ſea. Upon the eaſtern 
coaſt of North America the cold winds come from 
the north-weſt ; but upon the weſtern coaſt of 
Europe they blow from the north-eaſt. - 

That they ſhould blow towards thoſe parts where 
they can moſt "eaſily acquire the Heat. they are in 
ſearch of, is not extraordinary; and that they 
ſhould gradually ceaſe and die away, upon being 

warmed 
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warmed by a contact with the waters of the ocean, 
is: likewiſe agreeable to the nature and cauſes of 
their motion; and if I might be allowed a conjec- 
ture reſpecting the principal uſe of the ſeas, or the 
reaſon why the proportion of water upon the ſur. 
face of our globe is ſo great, compared to that of 


the land, it is to maintain a more equal temperature 


in the different climates, by heating or cooling the 
winds which at certain petiods hoe rags the great 
continents, | - bf Jun tf 


That cold 0 actually grow * milder 


upon paſſing over the ſea, and that hot winds are 


refreſhed by a contact with its waters, is very cer- 


tain z and it is equally certain that the winds from 
the ocean are, in all climates, much more temperate 
than thoſe which blow from the land. © 

In the iſlands of Great Britain and Ireland, there 
is not the leaſt doubt but the great mildneſs of the 
climate is entirely owing to their ſeparation from 
the neighbouring continent by ſo large a tract of 
ſea; and in all ſimilar ſituations, in every part of 
the globe, fimilar cauſes are found to es 

ſimilar effects. 

I! be cold north-weſt vieds, which prevail upon 
the coaſt of North America during the winter, ſel 


dom extend above 100 leagues from the ſhore, and 


they are always found to be leſs violent, Mt leſs 
piercing, as they are further from the land. 

Theſe periodical winds from the continents of 
Europe and North America prevail moſt towards 
the end of the month of February, and in the 2 
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of March; and I conceive that they contribute 
very eſſentially towards bringing on an early ſpring, 
and a fruitful ſummer, particularly when they are . 
very violent in the month of March, and if at that 
time the ground is well covered with ſnow. The 
| whole atmoſphere of the polar regions being, as it 
were, tranſported into the ocean by theſe winds, is 
there warmed and ſaturated with water: and, a 
great accumulation of air upon the ſea being the 
neceſſary conſequence of the long continuance of 
theſe cold winds from the ſhore, upon their ceaſing 
the warm breezes from the ſea neceflarily com- 
mence, and, ſpreading themſelves upon the land 
far and wide, aſſiſt the returning ſun in diſmantling 
the earth of the remains of her winter garment, 
and in bringing forward into life all the manifold 
beauties of the new-born year. 

This warmed air which comes in from the ſea, 
having acquired its Heat from a contact with the 
ocean, is, of courſe, ſaturated with water; and 
hence the warm ſhowers of April and May, * | 
neceſſary to a fruitful ſeaſon. | 

The ocean may be conſidered as the great reſer- 
voir and equalizer of Heat; and its benign influ- 
ences in preſerving a proper temperature in the 
atmoſphere operate in all ſeaſons and in all cli- 
| The parching winds from the land under the 

torrid zone are cooled by a contact with its waters, 
and, in return, the breezes from the ſea, which at 
certain hours of the day come in to the ſhores in 
almoſt all hot countries, bring with them refreſh- 
Wo I | ment, 
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ment, and, as it were, new life and vigour both to 
the animal and vegetable creation, fainting and 
melting under the exceflive Heats of a burning 
fun. What a vaſt tract of country, now the moſt 
fertile upon the face-of the globe, would be abſo- 
lutely barren and uninhabitable on account of the 
exceſſive Heat, were it not for theſe refreſhing 
fea-breezes! And is it not more than probable, 
that the extremes of heat and of cold in the dif- 
ferent ſeaſons in the temperate and frigid zones 
would be quite intolerable, were it not for the in- 
fluence of the ocean in _— an equability of 
temperature? 

And to theſe purpoſes thi ocean is ee 
well adapted not only on account of the great 
power of water to abſorb Heat, and the vaſt depth 
and extent of the different ſeas (which are ſuch 
that one ſummer or one winter could hardly be 
ſuppoſed to have any ſenſible effect in heating or 
cooling this enormous maſs); but alſo on account 
of the continual circulation which is carried on in 
the ocean itſelf, by means of the currents which 
prevail in it. The waters under the torrid zone 
being carried by theſe currents towards the polar 
regions, are there cooled by a contact with the 
cold winds, and, having thus communicated their 
Heat to theſe inhoſpitable regions, return towards | 
the equator, carrying with them en oe 
thoſe parching climates, * | || 
Ihe wiſdom and goodneſs: of. Providence! hive 
often been called in queſtion with regard to the 
diſtribution of land and water upon the ſurface of 

f ] our 
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our globe, the vaſt extent of the ocean having 
been conſidered as a proof of the little regard that 
has been paid to man in this diſtribution. But, 
the more light we acquire reſpecting the real con- 
ſtitution of things, and the various uſes of the 
different parts of the viſible creation, the leſs we 


| ſhall be diſpoſed to indulge ourſelves in ſuch frivo- 
lous criticiſms. 


END OF THE EIGHTH ESSAY. 
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E'SSAY IX. 


An Inqv1Ry concerning the SouRCE of the 
_ Hear which is EXCITED by FRICTION. _ 


[Read before the Rovar SOCIETY, Jan uary | 25z 1798,] * 


156 frequently apres that in the Gali affairs 
and occupations of life, opportunities preſent 
themſelves of contemplating” 'fome' of the moſt - 
curious operations of Nature; and very intereſting 
philoſophical experiments might often be made, al- 
moſt without trouble or expence, by means of ma- 
chinery contrived for the mere deere purpelts 

of the arts and manufactures. 8 
I have frequently had occaſion to ek this ob- 
ſervation ; and am perſuaded, that a habit of keep- 
ing the eyes open to every thing that is going on 
in the ordinary courſe of the buſineſs of life has 
oftener led, as it were by accident, or in the play- 
ful excurſions of the imagination, put into action 
by contemplating the moſt common appearances, to 
uſeful doubts, and ſenſible ſchemes for inveſtigation 
KK 2 and 
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and improvement, than all the more intenſe medi- 


tations of philoſophers, in the hours n ſet 
apart for ſtudy. 

It was by accident that I was led to make the Ex- 
periments of which I am about to give an account; 
and, though they are not perhaps of ſufficient im- 
portance to merit ſo formal an introduction, I can- 
not help flattering myſelf that they will be thought 
curious in ſeveral reſpects, and worthy of the honour 
of being made known to the Royal Society. 
Being engaged, lately, in ſuperintending the bor - 

ing of cannon, in the workſhops of the military arſe- 
nal at Munich, I was ſtruck with the very conſider. 
able degree of Heat which a braſs gun acquires, in 
a ſhort time, in being bored; and with the till 
more intenſe Heat (much greater than that of boik 
ing water, as I found by experiment) of the metal. 
lic chips ſeparated from it by the borer. 
The more I meditated on theſe phænomena, the 
more they appeared to me to be curious and inte. 
reſting. A thorough inveſtigation of them ſeemed 
even to bid fair to give a farther inſight into the 
hidden nature of Heat; and to enable us to form 
ſome reaſonable conjectures reſpecting the exiſtence, 
or non-exiſtence, of an igneous fluid a ſubſect on 
Which the opinions of philoſophers have, in all ages, 
been much divided. | 

In order that the Society may e and 


aiſtinct ideas of the ſpeculations and reaſonings to 


which theſe appearances gave riſe in my mind, and 
_ alfa of the ſpecific objects of philoſophical inveſti- 
gation 
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gation they ſuggeſted to me, I muſt beg leave 
to ſtate them at ſome length, and in ſuch mans 
de rat reratdarymon Pogo mtr | 
purpoſe. 

From whence comes the Heat adtually produced in 
the mechanical operation above mentioned? + 

Is it furniſhed by the metallic chips which are 
ſeparated by the borer from the folid maſs of 


metal? 

If this were the caſe, then, according to the 
modern doctrines of latent Heat, and of caloric, 
the capacity for Heat of the parts of the metal, fo 
reduced to chips, ought not only to be changed, 
but . the change undergone by them ſhould be 
ſufficiently great to account for all the Heat pro- 
duced. | 

But no ſuch change had taken place; for 1 
found, upon taking equal quantities, by weight, 
of theſe chips, and of thin ſlips of the ſame block 
of metal ſeparated by means of a fine ſaw, and put- 
ting them, at the ſame temperature, (that of boiling 
water,) into equal quantities of cold water, (that 
is to ſay, at the temperature of 59 F.) the portion 
of water into which the chips were put was not, to 
all appearance, heated either leſs or more than the 
other portion, in which the ſlips of metal were 
put. 


This Experiment being repeated ſeveral times, 


the reſults were always ſo nearly the ſame, that 1 
could nat determine whether any, or what change, 
had been produced in the metal, in regard to its 
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capacity for . 15 being reduced to chips by the 
borer *, lit 

From ! it is evident; tos the Heat orodueed 
could not poſſibly have been furniſhed at the ex- 
pence of the latent Heat of the metallic chips. But, 
not being willing to reſt ſatisfied with theſe trials, 
however concluſive they appeared to me to be, I 
had recourſe to the following ſtill more decifive Ex- 


periment : 
_ Taking a cannon," (a braſs ſix-pounder,) caſt 
ſolid, and rough as it came from the foundry, (ſee 


Fig. 1. Tab. IV.) and fixing it (horizontally) in 


* * As theſe Experiments are important, it may perhaps be agreeable 
to the Society to be made acquainted with them in their details, 

One of them was as follows: 

70 4 590 grains of water, at the temperature of 59% F. (an allow- 
ance as compenſation, reckoned in water, for the capacity for Heat of 

the containing cylindrical tin veſſel, being included,) were added 
10165 grains of gun-metal in thin flips, ſeparated from the gun by 
means of a fine ſaw, being at the temperature of 210 F. When 
they had remained together x minute, and had been well ſtirred about, 
by means of a ſmall rod of light wood, the Heat of the mixture was 
found to be 63. 

From this Experiment, the ſpecific Heat of the metal, calculated ac- 
cording to the rule given by Dr. CxawrorD, turns out to be 
Zo, 1100, that of water being 1. oooo. 

An e was afterwards made with the metallic chips, as 

: 

-To the fame * of water as was uſed in the Experiment above 
tioned, at the ſame temperature, (viz. 3953, and in the ſame, 
eylindrical tin veſſel, were now put 10163 grains of metallic chips of 
gun-metal, bored out of the ſame gun from which the flips uſed in 
the foregoing Experiment were taken, and at the ſame temperature 
(11070. The Heat of the mixture, at the end of x minute, was juſt 
64®, as before j conſequently the ſpecific Heat of theſe metallic chips 
was = 0.1100, Each; of the above Experiments was repeated three 
times, and A witli 2 fame reſults. 
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ths machine uſed for boring, and at the ſame time 
- finiſhing the outſide of the cannon by turning, (ſee 
Fig. 2.) I cauſed its extremity to be cut off; and, 
by turning down the metal in that part, a ſolid cy- 
linder was formed, 74 inches in diameter, and 9 
inches long ; which, when finiſhed, remained joined 
to the reſt of the metal (that which; properly ſpeak- 
ing, conſtituted the cannon) by a ſmall Wann 
neck, only 2+ inches 1 in diameter, a 3rs memes 
long. 
This ſhort cylinder, which was ſupported in its 
horizontal poſition, and'turned round its axis, by 
means of the neck by which it remained united to 
the cannon, was now bored with the horizontal 
borer uſed in boring cannon ; but its bore, which 
was 3.7 inches in diameter, inſtead of being con- 
tinued through its whole length (9.8 inches) was 
only 7.2 inches in length; ſo that a ſolid bottom 
was left to this hollow cylinder, which bottom was 
2.6 inches in thickneſs, 


This cavity is repreſented by dotted lines in 
Fig. 2; as alſo in Fig. 3. where the cylinder is 
repreſented on an enlarged ſcale. 


This cylinder being defigned for the i 
purpoſe of generating Heat by friction, by having a 
blunt borer forced againſt its ſolid bottom at the 
ſame time that it ſhould be turned round its axis by 
the force of horſes, in order that the Heat accumu- 
lated in the cylinder might from time to time be 
meaſured, a ſmall round hole, (ſee d, e, Fig. 3.) 0.37 - 
of an inch only in diameter, and 4.2 inches in 
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depth, for the purpoſe of introducing a {mall cy- 
lindrical mercurial thermometer, was made in it, 
on one ſide, in a direction perpendicular to the axis 
of the cylinder, and ending in the middle of the 
ſolid part of the metal which formed the bottom of 
its bore. 

The ſolid contents of chis hollow cylinder, ex- 
clufive of the cylindrical neck by which it remained 
united to the cannon, were 38 54 cubic inches, 
Engliſh meaſure ; and it weighed 11 3.131b. Avoir- 
dupois: as I found, on weighing it at the end of 
the courſe of Experiments made with it, and after 


it had been ſeparated from the cannon with which, 


during the Experiments, it remained connected. 


Experiment, Ne 1. 


This Experiment was made in order to aſcertain 
how much Heat was actually generated by friction, 


* 


when a blunt ſteel borer being ſo forcibly ſhoved 


(by means of a ſtrong ſcrew) againſt the bottom of 


For fear I ſhould be ſuſpected of prodigality in the proſecution 
of my philoſophical reſearches, I think it neceſſary to inform the 
Society, that the cannon I made uſe of in this Experiment was not 
facrificed to it. The ſhort hollow cylinder which was formed at the 
end of it, was turned out of a cylindrical maſs of metal, about a feet 


in length, projecting beyond the muzzle of the gun, called in the. 
German language the werlorner dpf, (the head of the cannon to be 


thrown away,) and which is repreſented in Fig. 1. 

This original projection, which is cut off before the gun is bored, i is 
always caſt with it, in order that, by means of the preſſure of its 
weight on the metal in the lower part of the mould, during the time 


rt is cooling, the gun may be the more compact in the neighbour- 


" hood of the muzzle; where, without this precaution, the metal 
would be apt to be porous, or full of honeycombs, 


the 
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the bore of the cylinder, that the preſſure againſt 
it was equal to the weight of about 10000 lb. 
Avoirdupois, the cylinder was turned round on its 
axis (by the force of horſes) at the rate of about 
32 times in a minute. 


This machinery, as it was put together for the 
Experiment, is repreſented by Fig. 2. W is a 
ſtrong horizontal iron bar, connected with proper 
machinery carried round by horſes, by means of 
which the cannon was made to turn round it axis. 

To prevent, as far as poſſible, the loſs of any 
part of the Heat that was generated in the Experi- 
ment, the cylinder was well covered up with a fit 
coating of thick and warm flannel, which was care- 
fully wrapped round it, and defended it on every 
ſide from the cold air of the atmoſphere. This 
covering is not TT in the drawing of the 
apparatus, Fig. 2 

I ought to mention, that the borer was a flat 
piece of hardened ſteel, 0.63 of an inch thick, 4 
inches long, and nearly as wide as the cavity of 
the bore of the cylinder, namely, 31 inches. Its 
corners were rounded off at its end, ſo as to make 
it fit the hollow bottom of the bore; and it was 
firmly faſtened to the iron bar (n) which kept it 
in its place. The area of the ſurface by which its 
end was in contact with the bottom of the bore of 
' the cylinder was nearly 25 inches. This borer, 

which is diſtinguiſhed by the letter u, is repreſented 
in moſt of the figures. PPS 


At 
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At the beginning of the Experiment, the tempe- 
rature of the air in the ſhade, as alſo that of the 
cylinder, was juſt 60˙ F. 

At the end of zo minutes, when he cylinder 
had made 960 revolutions about its axis, the horſes 
being ſtopped, a eplindrical mercurial thermometer, 
whoſe bulb was r of an inch in diameter, and 
31 inches in length, was introduced into the hole 
made to receive it, in the ſide of the cylinder, 
when the mercury roſe almoſt inſtantly to 1305. 

Though the Heat could not be ſuppoſed to be 
quite equally diſtributed in every part of the cy- 
linder, yet, as the length of the bulb of the ther- 
mometer was ſuch that it extended from the axis 
of the cylinder to near its ſurface, the Heat indi- 
cated by it could not be very different from that of 
the mean temperature of the cylinder; and it was on 
this account that a thermometer of that particular 
form was choſen for this Experiment. 

To ſee how faſt the Heat eſcaped out of the cy- 
linder, in order to be able to make a probable con- 
jecture reſpecting the quantity given off by it, dur- 
ing the time the Heat generated by the friction was 
accumulating,) the machinery ſtanding {till, I ſuf- 
fered the thermometer to remain in its place near 


three quarters of an hour, obſerving and noting 


down, at ſmall intervals of time, the height of the 
temperature indicated by it. 


| Thus, 


—cC 7— Y n * 1 
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The Heat, as ſhown 
Thus, at the end of the ED, — 


TY I Ea 
after 5 minutes, always reckon- 
| ing from the firſt ob- 


ſervation, - - 1235 


at the end of 7 minutes - - 123? 
12 «ae ee 
14 -'- -,- - 10 
16 BD II 
20 6 
24 -- - -- "IT 


28 w—  - - - = 114 


JI ——- - - - - 113? 
34 e 
371 — 3 


en when 4¹ minutes had elapſed 110˙ 


| Having unn away the borer, I now removed 
the metallic duſt, or rather ſcaly matter, which 
had been detached from the bottom of the cylinder 
dy the blunt ſteel borer, in this Experiment; and, 
having carefully weighed it, I found its weight to 
be 837 grains Troy. 

Is it poſſible that the very conſiderable quantity 
of Heat that was produced in this Experiment (a 
quantity which actually raiſed the temperature of 
above 113 Ib. of gun-metal at leaſt 70 degrees of 
FarrenaHriT's thermometer, and which, of courſe, 
would have been capable of melting 6z1b. of ice, 
or Bes cauſing near 5 lb. of ice-cold water to boil) 

could 
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could have been furniſhed by ſo inconſiderable a 
quantity of metallic duſt? and this merely in con- 

- ſequence of à change of its capacity for Heat? 

As the weight of this duſt (837 grains Troy) 
amounted to no more than 444th part of that of 
the cylinder, it muſt have loſt no leſs than 948 de- 
grees of Heat, to have been able to have raiſed the 
temperature of the cylinder 1 degree; and conſe- 
- quently it mult have given off 66360 degrees of 
Heat, to have produced the effects which were 
aQually found to have been produced in the Ex- 

K 

But, without inſiſting on the improbability of 
this ſuppoſition, we have only to recollect, that 
from the reſults of actual and deciſive Experiments, 
made for the expreſs purpoſe of aſcertaining that 
fac, the capacity for Heat, of the metal of which 


great guns are caſt, is not ſenſibly changed by being 


reduced to the form of metallic chips, in the ope- 
ration of boring cannon ; and there does not ſeem 
to be any reaſon to think that it. can be much 
changed, if it be changed at all, in being reduced 
to much ſmaller pieces, by means of a borer that 


is leſs ſharp. 


If the Heat, or any conſiderable part of it, were | 


produced i in conſequence of a change in the tapa- 
city for Heat of a part of the metal of the cylinder, 


as ſuch change could only be ſuperficial, the cy- 


linder would by degrees be exhauſted; or the quan- 
tities of Heat produced, in any given ſhort ſpace of 


time, would be found to diminiſh, gradually, in. 
| aan 


| 
| 
| 
{ 
{ 
| 
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fucceſſive Experiments. To find out if this really 
happened or not, I repeated the laſt-mentioned 
Experiment ſeveral times, with the utmoſt care; 
but I did not diſcover the ſmalleſt ſign of exhauſtion 
in the metal, notwithſtanding the large quantities 
of Heat actually given off. 
Finding ſo much reaſon to conclude, that the 
Heat generated in theſe Experiments, or excited, as I 
would rather chooſe to expreſs it, was not fur- 
niſhed at the expence of the latent Heat or combined 
caloric of the metal, I puſhed my inquiries a ſtep 
farther, and endeavoured' to find out whether the 
air did, or did not, contabuds: awy thing _ 


generation of it. 


| Experiment, Ne 2. 


As the bore of the cylinder was cylindrical, and 
as the iron bar (m), to the end of which the 
blunt ſteel borer was fixed, was ſquare, the air 
had free acceſs to the inſide of the bore, and even 
to the bottom of it, where the friction took place 
by which the Heat was excited. | 

As neither the metallic chips produced in the 
ordinary courſe of the operation of boring braſs 
cannon, nor the finer ſcaly particles produced 'in 
the laſt-mentioned Experiments by the friction of 
the blunt borer, ſhowed any ſigus of calcination, I 
did not ſee how the air could poffibly have been 
the cauſe of the Heat that was produced ; but, in 
an inveſtigation of this kind, I thought that no 
pains ſhould be ſpared to clear away the rubbiſh, 

J and 
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and leave the ſubject as naked and open to inſpec- 
tion as poſlible. 

In order, by one decifive Experiment, to deter. 
mine whether the air of the atmoſphere had any 
part,” or not, in the generation of the Heat, I con- 
trived to repeat the Experiment, under circum- 
ſtances in which it was evidently impoſſible for it to 
produce any ect whatever. By means of a piſton 
exactly fitted to the mouth of the bore of the cy- 
linder, through the middle of which piſton the 
ſquare iron bar, to the end of which the blunt 
ſteel borer was fixed, paſſed in a ſquare hole made 
perfectly air- tight, the acceſs of the external air, to 


the inſide of the bore of the cylinder, was effec- 


tually prevented. (In Fig. 3. this piſton (p) is 
ſeen in its place; it is likewiſe ſhown in Fig. 7 

and 8.). 
I did not find, however, by this Experiment, that 
the excluſion of the air diminiſhed, in the ſmalleſt 
degree, the quantity of Heat excited by the fric- 
tion. 


it appeared to me to be ſo ſlight as hardly to de- 
ferve any attention, I was however deſirous to re. 
move. The piſton which cloſed the mputh of the 
bore of the cylinder, in order that it might be air. 
tight, was fitted into it with ſo much nicety, by 
means of its collars of leather, and preſſed . 
it with ſo much force, that, notwithſtanding its 


being oiled, it occaſioned a conſiderable degree of | 


ſion, when the hollow re was turned 
| roung 


There till Nane one doubt, which, though 


* © 44 rw -A + £4 .Tivt r ban FEA 3 . 


V 


, the Heat excited by Friction. 481 |; 


round its axis. Was not the Heat produced, or at 
leaſt ſome part of it, occaſioned by this friction of 
the piſton? and, as the external air had free acceſs 
to the extremity of the bore, where it came in con- 
tact with the piſton, is it not - poſſible that this air 


may have had ſome ſhare in | the ping of the 
Heat produced ? | 


Experiment, N' 3. 


A quadrangular oblong deal box, (ſee Fig. 4.) 
water- tight, 114 Engliſh inches long, 9.4, inches 
wide, and 9. inches deep, (meaſured in the clear,) 
being provided, with holes or ſlits in the middle of 
each of its ends, Juſt large enough to receive, the 
one, the ſquare iron rod to the end of which the 
blunt ſteel borer was faſtened, the other, the ſmall 

cylindrical neck which joined the hollow' cylinder 
to the cannon ; when this box (which was oc- 

caſionally cloſed above, by a wooden cover or lid 
moving on hinges) was put into its place; that is 
to ſay, when, by means of the two vertical open- 
ings or ſlits in its two ends, (the upper parts of 
which openings were occaſionally cloſed, by means 
of narrow pieces of wood ſliding in vertical grooves, 
the box . h, i, k, Fig. 3.) was fixed to the ma- 
chinery, in ſuch a manner that its bottom (i, &,) 
being in the plane of the horizon, its axis coincided 
with the axis of the hollow metallic cylinder; it is 
evident, from the deſcription, that the hollow me- 
tallic cylinder would occupy the middle of the box, 
n touching it on either ſide (as it is repre- 
ſented 
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| ſented. in Fig. 3-) ; and that, on pouring water into 
the box, and filling it to the brim, the cylinder 
would be completely covered, and ſurrounded on 
every fide, by that fluid. And farther, as the box 
was held faſt by the ſtrong ſquare iron rod (m), 
which paſſed, in a /quare hole, in the centre of one 
of its ends, (a, Fig. 4.) while the round or cylindri- 
cal neck, which joined the hollow cylinder to the 
end of the cannon, could turn round freely on its axis 
in the round hole in the centre of the other end of 
it, it is evident that the machinery could be put in 
motion, without the leaſt danger of forcing the 


box out of its place, throwing the water out of it, 


or deranging any part of the apparatus. , 
Every thing being ready, I proceeded to make the 
Experiment I had projected, in the following manner; 
The hollow cylinder having been previouſly 
cleaned out, and the inſide of its bore wiped with 
a clean towel till it was quite dry, the ſquare iron 
bar, with the blunt ſteel borer fixed to the end of 
it, was put into its place; the mouth of the bore 


of the cylinder being cloſed at the ſame time, by 


means of the circular piſton, through the centre of 
which the iron bar paſſed. 

This being done, the box was put in its FRE 
gold the joinings of the iron rod, and of the neck 
of the cylinder, with the two ends of the box, 
having been made. water-tight, by means of collars 


of oiled leather, the box was filled with cold water, 


(viz. at the temperature of 60 Dl and the machine 
was put in motion, | 1 70 
5 The 
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| + The reſult 6f this beautiful Experiment was very 
ſtriking, and the pleaſure it afforded me amply re- 
paid me for all the trouble 1 had had, in con- 
triving and arranging the TI. * 
uſed in making it. 3 

The cylinder, revolving at the rate of out 34 
times in a minute, had been in motion but a ſhort 


©, 7 *s 3! 


** before the water which ſurrounded the ef. 
linder began to be ſenſibly warm. . 

At the end of 1 bouf! found, by Pat d 8 2 
1 into the water in the box, (the quan-. 
5 tity of which fluid amounted to 418.77 Ib. Avoir- 
dupois, or 24 wine gallons,) that its temperature 
© ſad been raiſed; no leſs than 47 "RY; beg 
now 107? of FAHRENHEIT" s ſcale. | 
When zo minutes more had elapſed, or 1 Le | 
and 30 minutes after the machinery had been 
Pot in ene the ne 
was 142. 7 

At the end of © hour reckoning "UN 1 


ginning of the Expetiment, the temperature of the 
water was found to be raiſed to 178*, 
At 2 hours 20 minutes it was at 200*; and at 
2 hours 30 minutes it ACTUALLY BoIL AD a | 
« It'®would- be difficult to deſcribe the ſurpriſe 
and aſtoniſhment Ing in the countenances of 
vor. u. L tle 


* 
* 


mh. — aht the Gree 


| the by-ſtatiders, on ling b large a m of . 
cold Water heated,” and rl made to boil; 
without any fire, , 


Thoug ;h there was, in "af, nothing chat could 


owledge fairly that it afforded me a degree 

of childiſh 2 which, were I ambitious of 

the reputation of a grave Fhilifapher, T qught moſt, 
| era rather to hide than to diſcover. 


The quantity of Heat excited and $coumulated 
in this Experiment was very conſiderable; for, 


ju ay be ee as ſurpriſing in this event, yet 


not only the water in the box, but alſo the box 
Itſelf, (which weighed 151 W. ) and the boom me- 


tallic Nad, and that part. of the iroh . 
which, being ſituated within the cavity of the bok, 


was imiherſed i in the water, were heated 150 * & 
60 


grees of F FaünkNnzir“ 8 l; 3 Viz. from 
(which was the temperature of the water, and r 


the machinery 4 At the wennde of the Experi- 
nett) db 218, the meat ef dag war ut 


Münſchl. N e 7 TL Ce i 1 
Ihe e 7 ny dry of a e may be 


in 


eſtimated 
S as Tollows : KS 
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Of wh Heat i - Quatitity of jce-cold pd which, 
there pears to have ith the givenquantity & Hear, 
been actually accumu- * — es wg moms 


+ tated, | a In Avirdupols weight, 
In the water contained LE EO On 
the wooden box, 184 lb. > Were Oe 
Avoirdupois, heated 1 50 de- Nee 
res, namely, . ane, 
210 . . — — 25-2. 
In 113. 73Ib. of TIES (the 2 \ 


low cylinder, ) heated I co degrees; and, 
: as the cdpacity for Heat of tffs metal is 
+ that of water as 9.1100 to 1.0000, this 
quantity of Heat would have heated 1241.” 
en Yann: If cages 20 "wii 
In $6:75 cubic inches of iron, (being a 
b of the iron bar to which the 
Dorer was fixed which entered the box,) 


150 degrees; Which may be —— 


reckened 'equat in e. bor „ IF 
11. of vater — 1.01 
N., No hne n he 'made of the 0 
* Heat accymulated-in the wooden box, ne 
ene Experiment. 
Total quantity of ice-cold water which, 
with the Heat aſtually generated by fric-. - 
tion, and actumulated in 2 hours and 30 
minhtes, might have been heated 180 de 
grees, or made to boi „ 256.58 


4 
1 * po + LL 2 From 


* 


* „ 2 9 

| f ., K ö Cx , 1 

486 rund ae the bu of ; by 

From the know! edge of the quantify of Heat ** 
actually produced in the foregaing Experimetit, ' 


a rand of the time in which it was generated, we are 
| enabled to aſcertain the velocity of its production, 
and to determine how large a fire muſt a 5 
or how much fuel muſt ws been co nfumed, in 
order : that, in burning equably, it ſhould have 
ks produced' by combuſtion” the eee bd * 
in the ſame time. 
In one of Dr. C RAWFORD's Experiments, (ſee # 
his Treatiſe on Heat, p. 321,)«.37 lb. 7 o:. Troy, 1193 | 
S i e of water, were heated 2 % de- 5 
grees of FAHREX HRT thermometer, with the Heat | „ 
. generated in the combuſtion of 26 grains of wax. f 
Ihis gives 382032 grains of water heated 1 degree 
with 26, grains of wax; or 1469324 grains of 
water heated 1 degree, — 9922 2 81. 631 Sraiks 
heated 180 degrets, with, the Heat generated in che 
_ combuſtion of. grain of wax. p 
The quantity of, ice-cold water hich mib , 
288 been heated 180 degrees, with, the Heat ge- 
5 nerated« by friction in the defore · mentioned Ex- 
poeriment, -was found to be 26.58 lb. Woirdupchs, 
= t 88060, grains; and, as 81.631 grains of dee 
cold water require the Heat gene! ted in the com- 
* © buſtion of I grain of wax, to heat It 180 degrees, 
the former quantity of ice-cold water, — 
18388060 rains, would require the cambuſtion of 
» noteſs than 2303. 8 grains (Salven. Troy): 1 7 
to * if 18 oo 


* 


wig ; 4 
| 9 ey. 
* » 4 


| " 


| rw 


* 
* 


oy 
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2 hours and 30 minutes, = 1 50 minutes, it is 
neceſſary, for the pufpoſe of aſcertaining how -- _ 


candles ſhould be determined, and the quantity of 


burning equdbly, ſhould be known. +. _ + 
*. Now I found by af Experiment, made on pur. 's 


| wax-candle, of a moderate ſize, 4 of an inch in dia- 


wax are conſumed in 30 minutes. Hence it ap- 


of wax fieceffary-to be It in order to produce 


5 ; 3 1 N 
— 3 % | 
$ — 
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As he Experiment (Ne z) in which the given 
* of Heat was generated by friction, laſted *' | 


many wax. candles of any glven ſize muſt burn to- 

gether, in order that in the combuſtion of them 

the given quantity of Heat may be generated in the 

given time, and conſequently with the ſame celerity » * » 
as that with which the Heat was, generated by 

friction in the Experiment, that the ſize of the 


wax eonſumed i in a given time by each candle, in 5 


pole to finiſh: theſe. computations? that when a gogd =» 
meter, burns with a clear flame, juſt 49 grains of oh 


pears, chat 245 grains of wax would he conſumed | 

by ſuch à candle in 150 minutes; and that, to- 
burn the quantify of » wax (= 2303.8 grains) ne- 
cellary to produce the quantity of Heat actually 
obtained by friction in the Experiment in queſtion, | 
and in the. given time, (750 minutes,) nine candles, , 
burrling at once, would not be ſufficient ; for 9 ; 
pultiplied into 245, (the number of grains con- 
ſumed by each. candle in 150 minutes) amounts to 
no more than dog grains; whereas the quantity 


0 


, the given mag Heat, was ſound to be 
N | 


« 


o 
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my 


* x a 


488. | Inquiry concerning the Source of 
* "ow the reſult of theſe © computations it appears, 
that the quantity of Heat produced equably, or in 
a continual ſtream, (if I may uſe that N 
by the friction of the blunt el borer againſt the 
bottom of the hollow metallie ey linder, in the 
Experiment under conſideration, was greater*than 
that produced equably in "the eombuſtion of nine 
- v wax-candles, each 1 of in inch in diameter, all 
burning together, or at the —_ time, with dear 
brig fit flames. . ; of” 

As the machinery 150 in Experiment could 
eaſily be catried round by GN: of one horte, 
(though, to render, the Work lighter, wo horſes * 
were actually employed in ding it,) theſe compu- 


4 
* 


25 tations, ſhow further how large à quantity of Heat 


might be produced, by proper mechanical eon- * 
trivance, merely by the of a horſe, 
out either fire, light, combuſtion, or chemical 
compoſition z and, in a caſe of neceſſity, the Heat 
thus produced might be uſed 1 in cooking victuals, 
But ng circumſtances can be i 
Forer would not be diſ- 
advantageous; fof, more Heat might be obtained | 
Fan. the fodder 2 . GO rar 1447 
_ horſe, as fuel. 
A. ſoon as * lat menned- Mpoimes 
(Ne 3.0 was Finfſhed, the water in the wooden 
box was let off, and 1 and te 
| borer being taken be A cylingdes, ws ſealy 
metallic powder, which had been produced by +, 
« the friction of the borer 1 2 bottom of 
6 the 


in Which 


* 


x & « 
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che cylinder, was collected, and, being carefully 
- weighed, was found ta weigh 4145 grains, * 
abaut 8 oz. Troy. 0 

As this quantity was produced i in 21 . this 
gives 824 grains for the * produces in 1000 
n hour. 


In the firſt Expgriment, which laſted only bai an 


«hour, the quantity produced was 837. grains. 

In the Experiment Ne 1. the quantity of Heat 

generated, in half an hour, was found do be equal 

to that which would be- required to heat 5 Ib. 
Avairdupois 'of ice-cold water 4+ 80 nn or 
cauſe it to bol. 

; According to the refult!of the Exp 

Ne 3. the Heat. generated in half an hour 755 

have Guſed 5.31 bb. of ice-cold water to boil. 
But, in this laſt- mentioned Experiment, the Heat 
generated being more effectually configed, leſs of 
it was loſt ;, which; accounts for the difference of 

. the reſults of the two Expgriments. 

It remains for mè to give an account of one 

; @ Expiriment more, which Was, made with this ap- 
* paratus, , I found by the Experiment Ne 1. how 

much Heat wal genergted when the air had free 

acceſs to the metallie ſurfaces which were rubbed 


together. By the t Ne 3, I found 


. fibly diminiſtted when. the free accelz of the air was 
beste and by the reſult, of N* 3. it ap- 
peared that the generation of the Heat was not 
Mo: > Hi or retarded, by keeping the apparatus 

immerſed 


6 8 
* 2 


that the quantity of Heat Zengrated was bt ſen, 


. 
_— > "OO — 


. 


* * ' , 
” ao Ioqury oem, c, * 
. immerſed i in water. But as, in this laſtmeniiched * 5 
Experiment, the water, though it ſarrounded the 3 
« hollow metallic cylinder on every ſide , externally, P | 
was not ſuffered to enter the cavity of its bore, - | 
(being prevented by the piſton,) and conſequehtly) 
did not come into contact with the metallic ſurfaces 
where the Heat was generated eto ſee what effects 
: woyld be produced by giving the water free acceſs 
| da theſe ſurfaces, I'now n Wt 
bus. 4 ; 


| Devine N. 4 N 


- The piſton” which cloſed the ads of the bofe of 8 
fi cylinder bging xemoved, the blunt boref and 
the cylinder were onte more put together ; and e 
hox being fixed in its place, and filled wich water, | . 
the machinery»was a n put in — 4 : 
There was nothing i in the reſult, of this Experi- 
ment that tenders it neceflary for me to be very N 
partleular in my account of it. Heat was gene- 28 
rated, as in the former xperiments, and, 5 all = 
appearance, quite as Ta) idly; and I have no douhy 
but the water in the box would have been brought , | 
to boil, had the Experiment beemggntinueÞ#as long,” . F 
as the laſt. The only nf —— that ſirpriſed © 
me was, to find little difftegence was oecagoned , 
m the noiſe — the den i rubbing againſt 
the bottom of the bore of the cylmder, by filling 70 
ors the bore, wich watef. ,-This poils, ch wasgyery « | 
grating to the chr, gud ſometimes” almoſt inſup- 
portable, was, as nearly as Þ could judge, off it, 
you loud, and as diſagreeable, when obo...” 
„ 2 6; hi, babes 


. 868 * 


* 
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* 


fades rubbed. together were wet with water, as 
when they were, in contact with air. 


1 By meditating on m ty rely of all hls nr. 


riments, we are ught to that 
queſtion which has way ry often * che. ſubjẽct of 
ſpeculation among philoſophers ; namely, 

What is Heat Ils there any ſuch thing as an 


Went fluid?—Is chere am thing that can vit 


s yore be called chloric? » 
9 19” We have ſeen that. a very conſiderable quantity 
: 20 Heat may be cited in the Friction of two me- 
8 dalle ſurfaces, an given off in à conſtant ſtream 
or flux, in alÞ Ant dene without, interruption or 


. 


N . . ' * *Y 9 


tioally given off in this manner, in the 

: Experiments? Was it furniſhed by the ſmall par- 
2 ©. * fidles of metal; detached from the larger ſolid 
„ maſſes, an their, being rubbed -togeth ? This, as 
de — n ſear, could *. y have dern 

caſe. 6 n 
I a it 4 . f ES Lata 
"* Have been the caſe; for, in three df the Experi- 
* » the, ma beirty, kept immerſed in 
| water, the acceſs of che gix of the atmoſphere was 

- + completely prevented. N r 
1 Fa phoned by the water Which. ELLIS 
the machinery That at this puld hot have begp'the 
; eie is evident: m, becauſe this water was con 


* 


( n . * 
. 


\* Ingermiſſion, and whllout aux ngen of diminution | 


From vhence · came wu Heat which was CON» | 


* * 9 Heat ore the e and 


* 
n 


4 4 
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nd "ſs WIRED be giving to, and . 
ceiuing Heat rem, the ſame body ; and ſecohdly, 
becauſe there was no ehęmical decompoſition of 
ws; vo this water. Had any ſuch, decompoſi- 
tion place; (which indeed, could not reaſon- 
ably have been expected, ) one of its component 
elaſtic fluids (moſt probably in flammable air) muſt, 0 , 
at the ſame time, have been ſet at liberty, and, in 
making its eſcape into«the' atmtoſphere, would have 
been detected; but though I frequently examined. 
the water to ſee if any air bubbles roſe up through ; 
it, and had even made, preparations far catching «© 
| them, in order to examine thems if any. fg 
appear, I could pergeive nohe; Dor was there > APY * 
fign of Aecompoſition of any kind whateyer, a. 
other chemical proce, going on in the water. 
Il i- poſſible that the Heat cquld have bean 
ſupplied" by means of the kon ber to the end f 

| which the blunt ſteel borer was fixed? or by the 

ſmall | necks). of gun-metal by which the hollow « .'* 

eylinder was-united to the cannon? Theſe ſupgo- 

fitions appear more improbable even than either, of 

* thoſe beforę mentioned; for Heat was continually - , 

of) G. out of the machinery, by both theſe * 

, curing 2 „. * . f 

laſtedq. 

„ And, bn 4 we wal ae: IN ; 
forget to conſider thay moſt remarkable circum- 5 
ſtance, that the ſoures of the Heat generated by 

* aich, in theſe ms 

t6 be Mnexhautble."' 1 : 


* , | 
* 


* 1 3 » * 


3 


* 
* 


* 


continue to furniſh «without limigation, cannot paſs 


_ „ 3 
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1 1 hardly neceflary to add, that any thing , 
which any inſulated body, or ſyſtem ef bodies, can +» 


ſibly be @ material ſubſtance :- and it appears tu me 


7 to be. extremely difficult, if not. quite impoſhble, to 


form any diſtinct idea of any thing, capable of 
being excited and communicated, in the manner 


N the Heat yas- excited and 8 


Experiments, except it be %οfNriox. 

I am very far from pretending to know how, or | 
by what means, or mechanical contrivance, that 
8 of motien in bodies, which has | 
been ſuppoſed to,conſtitute Heat, «is excited, eon- 
tinued, and propagatetl, and L ſhall not preſurae to 
trouble the Society with mere conjectutes ; pars 


 ticulatly on 4 ſubje& which, during ſo many thou» 


ſand years, the moſt efilightened philoſophers have 


| endeavoured, bot in yin, to compretiend: | 


| ahr ardour, an dur attempts to 
of its operations, How far can we adyance in . 


But, although the mechaniſm of Heat ſhould, in / 
fat, 3 of nature which 
ae befond the fesch of Human intelligence, this 3 
ought by no means to us, or even leflen - 
the laws 


of the paths which ſcieyce has opened tg us, be- 
* we ind ourſelves enyeloped in thoſe thick 
s which, en every fide, Bound the horizon of 


the human imtellect 7. But hob ample, and how 
| intereſting, is the field . ziren us to ex- 
gel, "Vf 2 3 
2 & 8 2 2 6 we F ** | N 
41 „ 4 Nobody, 
5 . | | * * 
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194 nu emicerning the bf of = 5 
Nobody, furely, in his ſober ſenſes, has &yer © 0 
pretended tovunderſtand the mechaniſm of gravi- 
tation; and yet yhat ſublime diſcoveries was our 
immortal NzwToN' enabled to make, «merely by 
the inveſtigation of the laws of its action 
The ęffects produced in the world by the ageticy 
of Heat are probably i as ertenſtve, and quite 
75 as important, as thoſe which are owing to the 
tendency, of the particles of matter towards each » 
ether; and there is no doubt but its operations 
. er 
mutablè. 8 4 * 
- Before I figiſh this, Eflay, 1 would beß lee te 
Are, that although, in treating, the ſubject 1 ” 
have endeavoured to inveſtigate, I Have made no ph 
mention of the names of thoſe who have gone - | | 
over the fame ground before me, nor of the ſue? 
_ of their Iabours ; this on has 'not been 
x to any want of reſpect for my- predeceſſors, 
222 ta avoid prolixity, and to be more A * 
0 at Ebert to purſue, without * : ö 


» * @® 2 0 * 1 
8 | 68. 
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„ 1 ſhows the. cannon uſed in the foregoing | 
Ep in the ſtate it was in when it came | 
from the fonndry- N 
' Fig: 2 how the machidery uſed in che Ex- 
| periments Nen and N“ 2. The cannon is ſeen 
fixed in the machine uſed for boring cannon-. W 
* n to Tave room in the 
| drawing, is repreſeited as broken off) wi which bar, 
4 being united with machinery (not expreſſed in the 
. figure) that is carried round. by ho n 
5 cannon' to turn round ĩts axis. At 
vt m is a ſtrong iron bar, to the, n 
+ * blunt borer is fixed; which, dy being forced 
againſt the bottom of the bore of the ſhort hollow 
cylinder that remains connected by a ſmall cylindri- 
cal neck to the end of the cannon, ms. Lat 
rating Heat by friction. * s 
Fig. J ſhows, N an enlarged ſcale, the fame 
| hollow cylinder t is repreſented on a ſmaller 
delle in the foregoing Figure. It is here ſeen con- 
nected with the wooden box (g, b, i, l,) uſed in 
- the Experiments Ne 3 and N 4. when this hol- 
low inge was inn im wate. 
1 which is marked by dotted lines is the piſton 
which cloſed che end of the bore of the cylinder. 
nu is the blunt borer ſeen fidbwiſe 
d, e, is the ſmall hale by which "the thermo- 
meter was introduced, that * uſed for aſcertain- 
0 *. 9 * * | ing | 
. * ASSN * 


+ 


4 * 


* * 
4a» 0 4 


* 
3 "Wa . 


D f o 
wn Source, Ec. * 
ing DA. of the cylinder. To ſave room in "the 5 
drawing, the cannon is repreſented broken 
near its muzzle ; and the iyon bar, to which 
dlun- borer is — repreſaniod boken off . 
atm. © * F 51811 A H . bus 12 
Fig. 4, ee edhe vier cr beef dns | 
Bon of which is ſeen in the forogying Figure. 
(See g, b, i, E, Fig. 39. 9 80 14; 
Fig. ami 6; bed in e lung boret , joined * 4 
— bar p20 which'ir us Aaſtened . 
Fig. 7 ande8, repreſent the ame borer, with its 
n re togerher with, the piſton which, in the * 
Experiments Ne 2 gnd. N* 3. nem a 
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